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Foreword

Today, the mineral industries are developing and modifying technologies that will enable industries to
operate more efficiently. If improperly dealt with, the waste generated by these industries can
threaten public health and degrade the environment. The U.S. Environmental Protection Agency
(EPA) is charged by the Congress of the United States with protecting the Nation's land, air, and
water resources. Under a mandate of national environmental laws, the EPA strives to formulate and
implement actions leading to a balance between human activities and the ability of natural systems to
support and nurture life. These laws direct the EPA to perform research to define, measure the
impacts, and search for solutions to environmental problems.

The National Risk Management Research Laboratory (NRMRL) of EPA is responsible for planning,
implementing, and managing research, development, and demonstration programs to provide an
authoritative, defensible engineering basis in support of the policies, programs, and regulations of the
EPA with respect to drinking water, wastewater, pesticides, toxic substances, solid and hazardous
wastes, and Superfund-related activities. The Federal Energy Technology Center (FETC) of the U.S.
Department of Energy (DOE) has responsibilities similar to the NRMRL in that FETC is one of
several DOE centers responsible for planning, implementing, and managing research and development
programs. This document is a product of the research conducted by these two Federal organizations.

This document is the final report for EPA’s Mine Waste Technology Program (MWTP) Activity 1ll,
Project 9, Arsenic Removal Demonstration Project. The MWTP is a program developed through an
Interagency Agreement between EPA and DOE. MSE Technology Applications, Inc. manages the
MWTP and is responsible for the field demonstration activities and preparing this document. The
information generated under this program provides a vital communication link between the researcher
and the user community.

One of the objectives of the MWTP is to identify the types of mining wastes impacting the nation and
the technical issues that need to be addressed. Other objectives of this program are: 1) address these
technical issues through application of treatment technologies, 2) determine the candidate technologies
that will be tested and evaluated, and 3) determine the candidate waste form/sites where these
evaluations will take place.



Executive Summary

This document is the final report for the U.S. Environmental Protection Agency’s (EPA) Mine Waste
Technology Program (MWTP) Activity 1l Project 9, Arsenic Removal Demonstration Project. The
MWTP is a program developed through an Interagency Agreement (IAG) between EPA and the U.S.
Department of Energy (DOE). MSE Technology Applications, Inc. (MSE) manages the MWTP and
owns/operates the MSE Testing Facility in Butte, Montana, previously the DOE-Western

Environmental Technology Office. MSE proposed and was granted funding for the Arsenic Removal
Demonstration Project during the December 1996 IAG Management Committee Meeting.

Acidic, metal-bearing water draining from remote abandoned mines has been identified by the EPA as
a significant environmental/health hazard in the Western United States. Many of these waters contain
dissolved arsenic in the trivalent and pentavalent state. The arsenic problems in discharge streams are
directly related to the EPA’s Technical Issue Mobile Toxic Constituents—Water. The National
Drinking Water Standard for arsenic is 50 parts per billion (ppb). The World Health Organization
revised the guideline for arsenic in drinking water from 50 to 10 ppb in 1993.

The purpose of the Arsenic Removal Demonstration Project was to demonstrate alternative treatment
technologies capable of removing arsenic from mineral industry effluents to below 50 ppb. Several
technologies with potential application to treat arsenic problems were presented in the MWTP
Activity I, Volume 5, Issues Identification and Technology Prioritization Report—Arsenic. Each
technology was screened and prioritized on the basis of its potential to reduce arsenic levels in the
mineral industry. Two innovative technologies were selected, Mineral-Like Precipitation and
Alumina Adsorption with Microfiltration. Both technologies were demonstrated/evaluated by treating
two of the same industrial effluents, industrial process water and arsenic-contaminated mine water.
The Ferrihydrite Adsorption technology, EPA’s Best Demonstrated Available Technology (BDAT) for
removal of arsenic, was used for comparative purposes.

In January 1997, MSE prepared agreements with Montana Tech of the University of Montana
(Montana Tech) and ZENON Environmental, Inc. (ZENON). These agreements were signed for the
demonstration/evaluation of their Mineral-Like Precipitation and Alumina Adsorption with
Microfiltration technologies respectively. Four Montana Tech employees and two ZENON
employees, in collaboration with MSE staff, performed the pilot—scale demonstrations in
July-September 1997. This report addresses the results of the pilot demonstration projects and the
subsequent leachability testing of the arsenical residues produced during the demonstration.

Technology Demonstrations

Mineral-Like Precipitation

The concept of this process is to strip arsenic from solutions in such a manner so as to produce
mineral-like precipitated salts that are stable for long—term storage in outdoor pond-type
environments. This process was developed by the Principal Investigator, Dr. Larry Twidwell, and
may be accomplished by precipitation from solutions containing arsenate and phosphate. The concept
was to substitute arsenate into an apatite structure [Ca,,(PO,)s(OH),] thereby forming a solid solution



compound [Cay,(As,P,0,)s(OH),] that would be thermodynamically stable in an outdoor storage
environment.

Alumina Adsorption

Alumina adsorption technology uses aluminum oxide to adsorb arsenic onto its surface from arsenic—
bearing solutions. The process is completed at a certain pH range. After absorption, reagents are
added to the alumina to desorb the arsenic from the solid into a concentrated brine. The concentrated
arsenic brine solution is then treated using an iron adsorption technology to remove and stabilize the
arsenic. The activated alumina in the process is recycled following the desorption process where it is
treated with a strong caustic solution of sodium hydroxide.

Ferrihydrite Adsorption

Ferrihydrite technology is an industrial technique commonly used for dissolved heavy metal removal
and, as stated earlier, is EPA’s BDAT for arsenic removal. For ferrihydrite adsorption to occur, the
ferric iron (Fe™®) must be present in the water to be treated. Dissolved arsenic is removed by a lime
neutralization process in the presence of the ferric iron, which results in the formation of
arsenic—bearing hydrous ferric oxide (ferrihydrite).

Waste Stream Description

Potential waste streams were identified and prioritized in the MWTP Activity I, Volume 5,
Appendix A, Issues Identification and Prioritization for Arsenic. The arsenic removal demonstration
was designed to demonstrate arsenic removal technologies that are capable of removing arsenic to
below the federal discharge standards of 50 ppb. Three different waters were treated, e.g.,
ASARCO?’s lead smelter scrubber blowdown water [containing =3 grams per liter (g/L) arsenic and
many other associated metals], ASARCO’s water treatment thickener overflow water [containing
—6 parts per million (ppm) arsenic], and TVX Mineral Hill Mine 1,300" Portal groundwater
(containing —500 ppb arsenic).

Demonstration Results

All three addressed technologies (ferrihydrite adsorption, alumina adsorption, and mineral-like
precipitation) showed favorable results for arsenic removal using groundwater; however, using
industrial process wastewater, only two of the technologies (Mineral-Like Precipitation and
Ferrihydrite Adsorption) were capable of removing arsenic to below necessary discharge standards.
The complex chemistry of the industrial wastewater had a profound effect on arsenic removal using
alumina adsorption.

Mineral-Like Precipitation

Mineral-Like Precipitation removed significantly more of the arsenic in each of the demonstrations
than the stated goal of the project [i.e., to lower the arsenic content in the effluent water to less than
the drinking water standard for arsenic (<<50 ppb)]. In fact, the final arsenic content in the effluent
waters was in most cases <10 ppb. A summary of the results for each demonstration is presented in
Table ES-1.



Table ES-1. Mineral-Like Precipitation Results

[As] Concentration

System Description
Inlet Water Effluent Water
QISO,\AI\VF;(C):V%S\;:\;::‘.;tr)er P/As—5.5, 1,665 gallons treated —33g/L 7-9 Fg/L
QISO,\AI\VF;(C):V%S\?\;:tIZtr)er P/As—12, 405 gallons treated —33g/L 6-9 Fg/L
é\?@ﬁocvi)v'l\;gglr(ener P/As—10, 1,185 gallons treated —5.8 mg/L 6-15 Fg/L
éSARCO Thickener P/As—100, 1,425 gallons treated —5.8 mg/L 3-13 Fg/L
verflow Water
g/(l)iptglraéz::ulj\\/ll\jgé r1,300' P/As—10, 1,185 gallons treated 420 Fg/L 6-7 Fg/L
Mineral Hill Mine 1,300" P/As—20, 3,915 gallons treated 450 Fg/L 47 Fg/L

Portal Groundwater

Alumina Adsorption

Alumina adsorption technology was very successful in removing arsenic when treating TVX’s Mineral
Hill Mine 1,300" Portal groundwater (containing —500 ppb arsenic). Treating ASARCQO’s lead
smelter thickener overflow water (containing —6.0 mg/L arsenic and many other associated metals)
with this technology is ineffective. Other species (e.g., sulfate) competed and interfered with
available alumina adsorption sites. A summary of the results for each demonstration is presented in
Table ES-2.

Table ES-2. Alumina Adsorption Results

[As] Concentration

System
Inlet Water Effluent Water
ASARCO Thickener Overflow Water (60 g/L Activated Alumina) —6.0 g/L —200 mg/L
Mineral Hill Mine 1,300* Portal Groundwater 450 Fg/L 21 Fg/L

Ferrihydrite Adsorption

Ferrihydrite adsorption technology was successful in treating both of the demonstration waters. Using
an iron/arsenic mole ratio of 8 produced adequate results; however, the arsenic drinking water
discharge standard of less than 50 ppb was never achieved treating the thickener overflow water.
Increasing the iron to arsenic mole ratio to 10 when treating both the thickener overflow water and the
Mineral Hill Mine 1,300 Portal groundwater lowered arsenic concentrations to less than discharge
standards. A summary of the results for each demonstration is presented in Table ES-3.



Table ES-3. Ferrihydrite Adsorption Results

[As] Concentration

System
Inlet Water Effluent Water
ASARCO Thickener Overflow Water
(Iron to Arsenic Mole Ratio = 8) 6.0 mg/L. 100 Fg/L
ASARCO Thickener Overflow Water
(Iron to Arsenic Mole Ratio = 10) 6.0 mg/L. 20 Fg/L
Mineral Hill Mine 1,300 Portal Groundwater 450 Fg/L <50 Fg/L

Economic Evaluation

One objective of this study was to perform a first—order cost estimate for the developed treatment
flowsheets. Therefore, a “first—order” cost estimate was performed. The cost estimate presented
here is not a detailed engineering cost analysis. It is a first—order cost estimate that should be within
+30%.

Table ES-4. Economic Evaluation for Selected Technologies Treating Groundwater with 500 ppb Arsenic at
300 gpm.

Mineral-Like Alumina Adsorption Ferrihydrite

Precipitation Adsorption
Capital $250,000=+75,000 $396,000+118,8000 $250,000+75,000
Operations and Maintenance per Year $41,080 $130,700 78,904
Operations and Maintenance per 1,000 gallons $0.30 +/- 0.09 $0.70 +/- 0.30 $0.55 +/- 0.16

treated



Acknowledgments

This document, the Arsenic Removal Demonstration Project Final Report, was prepared for the U.S.
Environmental Protection Agency (EPA) National Risk Management Research Laboratory (NRMRL)
in Cincinnati, Ohio, and the U.S. Department of Energy (DOE) Federal Energy Technology Center
(FETC) in Pittsburgh, Pennsylvania, by MSE Technology Applications, Inc. (MSE) under contract
DE-AC22-96EW96405. The Arsenic Removal Demonstration Project was conducted under the Mine
Waste Technology Program (MWTP) funded by the EPA. The MWTP was jointly administered by
EPA and DOE through an Interagency Agreement. MSE manages the MWTP and owns/operates the
MSE Testing Facility in Butte, Montana, previously the DOE Western Environmental Technology
Office.

Mr. Roger Wilmoth from NRMRL served as EPA's MWTP Program Manager, and Mr. Melvin
Shupe from DOE served as DOE’s Technical Program Officer. Mr. Creighton Barry served as
MSE's Program Manager, Dr. Martin Foote served as MSE's MWTP Project Manager, and Mr. Jay
McCloskey served as MSE’s Technical Project Manager. Dr. Larry Twidwell from Montana Tech
of the University of Montana (Montana Tech) and Mr. Glenn Vicevic from ZENON Environmental
Inc. acted as technology providers and are recognized for their contributions. Dr. Twidwell was the
developer of the Mineral-Like Precipitation Process and represented Montana Tech during the
demonstration evaluation process. Mr. Vicevic represented ZENON, Inc. Both Dr. Twidwell and
Mr. Vicevic provided engineering expertise before and during the demonstrations. In addition, both
prepared demonstration reports for their respective technologies. The organization and execution of
the MWTP Arsenic Removal Demonstration Project was a collaborative effort between the
participants mentioned above.

In addition to the people listed above, the following agency and contractor personnel contributed their
time and energy by participating in the Arsenic Removal Demonstration Project and preparing this
document.

Kim McClellan, National Risk Management Research Laboratory
Rosalie Murphy, Montana Tech of the University of Montana
Michelle Gale, Montana Tech of the University of Montana
James Ziolowski, Montana Tech of the University of Montana
Dr. Bob Robins, Aqua Min Science Consortium

Helen Joyce, MSE Technology Applications, Inc.

Dick Harned, MSE Technology Applications, Inc.

Dana Lentz, MSE Technology Applications, Inc.

Paul Miranda, MSE Technology Applications, Inc.

Charlie Brown, MSE Technology Applications, Inc.

Rick Obstar, MSE Technology Applications, Inc.

Miriam King, MSE Technology Applications, Inc.

Diana Fawcett, MSE Technology Applications, Inc.

Greg McGinn, ZENON Environmental, Inc.

Tina Salomon, ZENON Environmental, Inc.

Dr. Konstantin VVolcheck, Environment Canada



Harry Whittaker, Environment Canada

Doug Modrow, ASARCO, Inc.

Tom Mclntyre, ASARCO Inc.

John Hoak, TVX Mineral Hill Mining Company
Steve Monniger, TVX Mineral Hill Mining Company
Montana State Department of Environmental Quality

Vi



Contents

Page

FOrEWOrd . . o e e e i
EXECULIVE SUMMAIY . .« . o . e e e e e e e ii
Acknowledgments . .. .. .. e Vi
0] 31 1 viii
FIgUIES . o e it e e e e e Xii
I 1 0] S Xiii
Acronyms, Abbreviations, and Chemical Symbols .. ........ ... ... ... ... ... .. ... XV
Lo IntrodUCtion . . ... e 1
1.1  Project Management . . . . .. .. i e 1

1.2 PrOJeCt PUIPOSE . . v ittt e e e e e e e e e e 1

1.3 Quality ASSUIaNCE . . . vttt it et e e e e e e e e e 1

1.4  Technical Developers . . ... ... e e 1
1.4.1  Mineral-Like Precipitation . . ............ .. ... .. .. .. ... ..., 1

1.4.2  Alumina Adsorption with Microfiltration . . . .. ...... ... ......... 1

1.5 Scopeofthe Problem . .. ... . .. ... 1

1.6  Statement of Project Objectives . .. ... ... .. ... i 2

1.7 Demonstration Site LOCAtIONS . . . . . . ..ottt e 2

2.  Project Organization and Responsibilities . . . ... ... ... . . 4
2.1 Project OffiCers . . ..ot e e e e 4

3. Technology DesCriptions . . . . . .ottt e 5
3.1  Mineral-Like Precipitation of Arsenic . .......... ...t innnennn.. 5

3.2 Alumina Adsorption of Arsenic with Microfiltration . ... .................. 6

3.3 Ferrihydrite Adsorption of Arsenic . ... ... ... i 7

4. Site DeSCHIPIIONS . . o ittt et e 11
4.1 ASARCO East Helena Lead Smelter . ... ... ... ... .. ... ... 11

4.2  Mineral Hill Mine . ... e 11
5. Quality ASSUFANCE . . . . o oottt e e e e e 14
6. Field and Laboratory Data Validation Report . . ... ... ... .. ... .. .. ... .. ... 15
6.1  ProjeCt AUdItS . . . . ..o e 15

Vil



Contents (cont.)

Page

6.1.1 Field Systems Auditat ASARCO . ... ... ... .. 15

6.1.1.1 Personnel, Facilities, and Equipment . . . .. ............... 15

6.1.1.2 Documentation . . . ... . ... ... 14

6.1.1.3 Calibrationof Equipment. . . .. ........ ... ... .. ... ..., 16

6.1.1.4 Sampling Procedures .. ....... ... ... 16

6.1.2  Metals Analysis Review at MontanaTech . . . .................... 16
6.1.3  Sample Collection/Decontamination Procedures Review at the MSE Testing

Facility . . .. 17

Data Evaluation . .. ... ... . e 17

Validation Procedures . . . . ... e 18

6.3.1 Analytical Evaluation . . ... ... ... ... 18

6.3.2 Program Evaluation . ........ ... .. ... 19

Analytical Evaluation . .. ... ... . 19

6.4.1 Field Logbook Evaluation . . ........ ... ... ... ... 19

6.4.1.1 Information About Fieldwork Performed ................. 19

6.4.1.2 Sample Collection Activities . ........................ 19

6.4.2 Field Data Validation . .......... ... . . . . .. .. 20

B.4.2.2 Bl .o 20

6.4.2.3 PH .. e 20

6.4.2.4 Temperature . . . ... ..ttt e 20

6.4.2.5 FlowRateand Total Flow . ........................... 21

6.4.3 Laboratory Data Validation . ........... ... ... ... ... ... ... ... 21

6.4.3.1 Arsenic Speciation . . . .. .. ... .. 21

6.4.3.2 lronSpeciation . .. ... ... ... 22

6.4.3.3 Aqueous Metals Analysisby ICP . .. ....... ... ... ... .... 22

6.4.3.4 Aqueous Metals Analysis by Atomic Adsorption . ........... 22

6.4.3.5 Toxicity Characteristic Leaching Procedure . .............. 22

6.4.3.6 Solid Metal Analysis/PercentSolids . ................... 22

Program Evaluation . .. ......... ... .. ... e 23

6.5.1 Chain-of-Custody Procedures . .. ....... ... 23

6.5.2  Sampling and Data Completeness . . ......... ... ... .. ... 23

6.5.3 FieldQC Samples . . ... ... e 23

6.5.3.1 FieldBlanks . ... ... ... .. 23

6.5.3.2 Field Duplicates . ......... ... ... 23



Contents (cont.)

Page

6.6 SUMMAIY . . .ot e e 23
6.6.1 Laboratory QA/QC . . . . .. . e 23

6.6.2 Field QA/QC . . ..o 24
Demonstration ResUltS . . . .. .. ..ot 27
7.1  Mineral-Like Precipitation Results .. ........... ... ... . . ... 27
7.1.1 ASARCO Scrubber Blowdown Water Analytical Results . .. .......... 27

7.1.2  Solid Characterization . . . ... .. ... ...t 27

7.1.3  Toxicity Characteristic Leaching Procedure . .................... 27

7.1.4 Long-Term Stability . ......... ... . . ... . 27

7.1.5  X-ray Diffraction . .. ... .. 28

7.2 ASARCO Thickener Overflow Analytical Results .. ..................... 28
7.2.1  Toxicity Characteristic Leaching Procedure . .................... 29

7.2.2 Long-Term Stability . ....... ... .. 29

7.2.3 X-ray Diffraction . ... ... .. 30

7.3 Mineral Hill Mine 1,300" Portal Results . ... ... ... .. ... 30
7.3.1  BatCh TestS . ..ot e e e e e e 30
7.3.1.1 Residence TIMe . .. ..ot u ittt e et et et e e 30

7.3.1.2 Effectof P/AsMoleRatio . . ........ ... .. ... ... ... ..... 30

7.3.1.3 Effect of Hydrated Lime Content . ...................... 31

7.3.1.4 Solid Characterization . ........... ... ..., 31

7.3.1.5 Toxicity Characteristic Leaching Procedure . ............... 31

7.3.1.6 Long-TermStability . .. ....... ... .. ... .. .. ... ... ... 32

7.3.2  SettlingRate .. ... ... ... 32

7.3.3  X-ray Diffraction . ... ... . 32

7.4  Alumina Adsorption Results . . .. ... e 32
7.4.1 ASARCO Pilot Analytical Results . . . ... ... ... ... ... .. ... .. 32
7.4.1.1 Feed Water ArsenicandpH .......... ... .. .. ... .. .. 32

7.4.1.2 ASARCO Feed Water Arsenic Speciation . ............... 33

7.4.1.3 Trial 1 Testl ... e 33

7.4.1.4 Diafiltrationla .. ......... . ... e 33

7415 Trial 2Testl ... e 34

7.4.1.6 Diafiltration1b ... ... ... ... e 34

T4 LT TSt 2 e 34



Contents (cont.)

Page

T7.4.01.8 Test3 .. e 35

7.4.0.9 TeStd .. 35

7.4.2 Mineral Hill Water . .. ... ... . . 35

7.4.2.1 Pilot Analytical Results . . . . . ... ... ... 35

7.4.2.2 Diafiltration ... ... ... .. .. 35

7.5  Ferrihydrite AdSOrption . . . . . ..o e e 36
7.5.1 ASARCO Analytical Results .. ...... ... ... . .. . . 36

7.5.1.1 Low lron Demonstration .. ........... ... 36

7.5.1.2 Highlron Demonstration . . . . ........... ... .0 .... 36

7.5.2  Mineral Hill Mine 1,300" Portal Water Analytical Results ............ 36

7.5.2.1 AnalyticalResults . ... ... ... . .. .. 36

8.  Economic Analysis . .. .. . e e 61
8.1 Factored Capital COStS . . .. ..ot e e 61

8.2  Operating CostS . . .. vttt e e 61

8.3 NetPresentValue . ... ... .. .. .. 61

8.4  RESUIS . .. e e 61

0. REfBIENCES . . . o 65
APPEND X A . e A-1
APPEND X B .. e e B-1



1-1.
3-2.
3-3.
7-1.
7-2.
7-3.
7-4.
7-6.
7-7.

7-8.

7-10.

7-11.
7-12.

7-13.
7-14.

7-15.
7-16.
7-17.
7-18.
7-19.

Figures

Page
Site Location Map . . . . ..ot e 3
Mineral-Like Precipitation Process Flow Diagram .. ........... ... .......... 9
Alumina Adsorption with Microfiltration Process Flow Diagram . ................ 9
Ferrihydrite Adsorption Process Flow Diagram ... ......... ... .. .. .. ... .... 10
Lime Titration of Scrubber Blowdown Water: Arsenic Removal as a Function of Added
LimMe .o e 37
Lime Titration of Scrubber Blowdown Water: pH as a Function of Added Lime . ...... 37
X-ray Diffraction Pattern for ASARCO Scrubber Blowdown Water . .............. 38
X-ray Diffraction Patterns for HAP, AHAP, and APHAP . .. ... ................ 38
X-ray Diffraction Pattern for ASARCO Scrubber Blowdown Water Solid Product
Superimposed on APHAP (Both Containing Approximately 2-3% Arsenic . .......... 39
Hydrated Lime Titration of ASARCO Water Treatment Thickener Overflow Water: pH
asaFunctionof Added Lime . .. ... ... . e 39
X-ray Diffraction Pattern for ASARCO Thickener Overflow Water Solid Product
Superimposed on Scrubber Blowdown Water Solid Product . .. ................... 40
Hydrated Lime Titration of Mineral Hill Mine 1,300" Portal Groundwater: Arsenic
Removal as a Function of Added Hydrated Lime . . ......... ... .. ... ... ...... 40
Hydrated Lime Titration of Mineral Hill Mine 1,300 Portal Groundwater: pH as a
Function of Added Hydrated Lime . . ... ... ... . e 41
X-ray Diffraction Patterns for Mineral Hill Mine 1,300" Portal ASARCO Thickener
Overflow Water Solids . .. .. .. i e e e e 41
ASARCO—Trial 1 of Test 1 (Activated Alumina at 5 g/L). Dissolved Arsenicand pH ... 42
ASARCO Diafiltration after Trial 1 of Test 1 (Activated Alumina at 5 g/L). Dissolved
ATSBNIC o it it e e 42
ASARCO—Trial 2 of Test 1 (Activated Alumina at 5 g/L). Dissolved Arsenicand pH .. 43
ASARCO Diafiltration after Trial 2 of Test 1 (Activated Alumina at 5 g/L). Dissolved
Arsenicand pH . .. .. e 43
ASARCO Test 2 (Activated Alumina at 30 g/L). Dissolved ArsenicandpH ......... 44
ASARCO Test 3 (Activated Alumina at 60 g/L). Dissolved ArsenicandpH ......... 44
ASARCO Test 4 (Activated Alumina at 20 g/L noKMnO4). Dissolved Arsenicand pH . 45
Mineral Hill Water (Activated Alumina at 20 g/L). Dissolved ArsenicandpH ........ 45
Diafiltration after Mineral Hill Water (Activated Alumina at 20 g/L). Dissolved Arsenic
AN PH L . e 46

Xii



ES-1.
ES-2.
ES-3.
ES-4.

4-1.
4-2.
4-3.
6-1.

7-1.
7-2.

7-3.

7-4.

7-6.

7-7.
7-8.

7-9.

7-10.

7-11.

7-12.

7-13.

7-14.

7-15.
7-16.

Tables

Mineral-Like Precipitation Results . . ... ... ... . . .. .
Alumina Adsorption ResUlts . . . . . ..o e
Ferrinydrite Adsorption Results . . . ... .. ... ... i e
Economic Evaluation for Selected Technologies Treating Groundwater with 500 ppb
Arsenic at 300 gPM . . . ot e e e
Constituents of ASARCO Scrubber Blowdown Water . .. .....................
Constituents of ASARCO Thickener Overflow Water ... .....................
Constituents of Mineral Hill Mine 1,300" Portal Water .. .....................
Summary of Field Measurements Not Recorded in Logbook . . .. ................
Summary of Qualified Data for MWTP Activity Ill, Project9 ..................
Summary of Laboratory Test Results (P/As Mole Ratio=7) . ...................
Mineral-Like Precipitation Technology Applied to ASARCO Scrubber Blowdown

Water: Final Effluent Concentrations . ... .. .. ... ...ttt
Mineral-Like Precipitation Technology Applied to ASARCO Scrubber Blowdown

Water: Summary of Solution Conditions . . . . ........ ... .. ...
Total Metals Concentration and TCLP Results for Product Solids from the Treatment

of Scrubber Blowdown Water: P/AsMoleRatio—5.5.......................
Total Metals Concentration and TCLP Results for Product Solids from the Treatment

of Scrubber Blowdown Water: P/As Mole Ratio —11.9 . .....................
Summary of Experimental Results for Long-Term Air Sparging of Ambient

Temperature Precipitated Mineral-Like Products, ASARCO Scrubber Blowdown

Water: Time =0 . ... .. e e e
Mineral-Like Precipitation Technology Applied to ASARCO Thickener Overflow

Water: Summary of ArsenicRemoval . . . ... ... . . .
Mineral-Like Precipitation Technology Applied to ASARCO Thickener Overflow

Water: Final Effluent Concentrations . ... ......... .. ...,
Mineral-Like Precipitation Technology Applied to ASARCO Thickener Overflow

Water: Summary of Solution Conditions . . . .. . ... .. i
Total Metals Concentration and TCLP Results for Product Solids from the Treatment

of ASARCO Thickener OverflowWater . ......... ... ... .. ... .. .. .. .. ...
Summary of Experimental Results for Long-Term Air Sparging of Ambient

Temperature Precipitated Mineral-Like Products, ASARCO Thickener Overflow
Water: Time=0 . ... .. ..ttt e et e e e e e e e e
Mineral-Like Precipitation Technology Applied to Mineral Hill Mine 1,300" Portal
Groundwater: Summary of ArsenicRemoval .. ........... ... ... .........
Mineral-Like Precipitation Technology Applied to Mineral Hill Mine 1,300" Portal
Groundwater Final Effluent Concentrations .. .. .. ... ... ... ... ...,
Mineral-Like Precipitation Technology Applied to Mineral Hill Mine 1,300" Portal
Groundwater: Summary of Solution Conditions . .. .........................
Arsenic Concentration as a Function of P/AsMoleRatio . . .. ..................
Arsenic Concentration as a Function of Hydrated Lime Content . .. ..............

Xii



7-17.

7-18.

7-19.

7-20.

7-21.

8-1.
8-2.

Tables (cont.)

Total Metals Concentration and TCLP Results for Product Solids from the

Treatment of Mineral Hill Mine 1,300° Portal Groundwater . . ... .............

Summary of Experimental Results for Long-Term Air Sparging of Ambient
Temperature Precipitated Mineral-Like Products, ASARCO Thickener Overflow

Water: TIMe=0 . . . . . . . e e

Analytical Results for ASARCO Thickener Overflow Water Demonstration Using

LOW Iron Ratio . . . . v o oo e e e e e

Analytical Results for ASARCO Thickener Overflow Water Demonstration Using

Highlron Ratio . ... ... ... .. e e
Analytical Results from Mineral Hill Mine Using Ferrihydrite Adsorption .. ... ...
Factored Capital Cost Estimate Form . . . . . ... ... ... .. . . . ...
Cost Estimate ASSUMPLIONS . . . . ottt e e e e e e

Economic Evaluation For Selected Technologies Treating Groundwater With 0.5 ppb

Arsenic at 300 gPM . . . ot e e

Xiv

Page



Acronyms, Abbreviations, and Chemical Symbols

AA atomic absorption

AAM arsenic adsorption microfiltration
AHAP arsenatehydroxyapatite

ANSTO Australian Nuclear Science and Technology Organization
APHAP arsenatephosphate hydroxyapatite

As arsenic

As(111) arsenic(l11), arsenite

As(V) arsenic(V), arsenate

BDAT best demonstrated available technology
CCB continuing calibration blank

CCcv continuing calibration verification

cm centimeter

cocC chain-of-custody

CRC Cooperative Research Centre for Waste Management and Pollution Control Limited
Dl deionized

DOE U.S. Department of Energy

E, oxidation-reduction potential

EPA U.S. Environmental Protection Agency
FCC factored capital cost

Fe iron

Fe(ll) iron(1l), ferrous

Fe(ll) iron(l1l), ferric

FETC Federal Energy Technology Center
FIT flow indicating transmitter

g grams

g/L grams per liter

gpm gallons per minute

H.0, hydrogen peroxide

HAP hydroxyapatite

HCI hydrochloric acid

HPDE high-density polyethylene

IAG Interagency Agreement

ICP inductively coupled plasma

ICP-AES inductively coupled plasma atomic emission spectroscopy
L liter

LCS laboratory control sample

M million

M&S Marshall and Swift

MDL method detection limit

mg/L milligrams per liter

mL milliliter

Montana Tech Montana Tech of the University of Montana



Acronyms, Abbreviations, and Chemical Symbols (cont.)

MSE MSE Technology Applications, Inc.
MT/hr metric ton per hour

mV millivolts

MWTP Mine Waste Technology Program

NIST National Institute of Standards and Technology
NPV net present value

NRMRL National Risk Management Research Laboratory
ppb parts per billion

ppm parts per million

psig pounds per square inch gauge

QA quality assurance

QA/QC quality assurance/quality control

QAPP quality assurance project plan

QC quality control

RPD relative percent difference

SOP Standard Operating Procedure

TCLP toxicity characteristic leaching procedure
TSS total suspended solids

XPS X-ray photoelectron spectrometry
ZENON ZENON Environmental, Inc.

Fg/L micrograms/liter

Fm micrometer



1. Introduction

1.1 Project Management

This document is the Final Report for the U.S.
Environmental Protection Agency’s (EPA)
Mine Waste Technology Program (MWTP)
Activity 11l Project 9, Arsenic Removal
Demonstration Project. The MWTP is a
program developed through an Interagency
Agreement (IAG) between EPA and the U.S.
Department of Energy (DOE) (Ref. 1). MSE
Technology Applications, Inc. (MSE)
implements the MWTP and owns/operates the
MSE Testing Facility in Butte, Montana. MSE
proposed and was granted funding for the
Arsenic Removal Demonstration Project
during the December 1996 IAG Management
Committee Meeting.

1.2 Project Purpose

The purpose of the Arsenic Removal
Demonstration Project was to demonstrate
alternative water treatment technologies
capable of effectively removing arsenic.
Several technologies with potential application
to treat water with arsenic problems were
presented in the MWTP Activity 1, Volume 5,
Issues Identification and Technology
Prioritization Report—Arsenic (Ref. 2). Each
technology was screened and prioritized on the
basis of its potential to reduce arsenic levels
within arsenic containing waste streams.

1.3 Quality Assurance

The analytical methods and pilot-scale
treatment testing conducted for this study were
consistent with EPA’s requirements outlined in
the project-specific MWTP Activity Ill,
Project 9 Quality Assurance Project Plan
(QAPP) for the Arsenic Removal Project
Demonstration (Ref. 3). The QAPP followed
the EPA Category Il procedures.

This final report describes the research that
was conducted and summarizes the technical
results that were obtained by evaluating the
arsenic removal treatment technologies from
mineral industry arsenic-bearing waters.

1.4 Technical Developers

1.4.1 Mineral-Like Precipitation
Mineral-like precipitation has been extensively
investigated at the bench-scale by Dr. Larry
Twidwell, a Montana Tech of the University of
Montana (Montana Tech) professor. The
research has been performed over a 10-year
period on several different arsenic-bearing
waters.

1.4.2 Alumina Adsorption with
Microfiltration

Alumina adsorption is a widely recognized
technology for the removal of arsenic from
water. An innovative approach using alumina
adsorption combined with microfiltration has
been developed by ZENON Environmental,
Inc. (ZENON) of Canada.

1.5 Scope of the Problem

Acidic, metal-bearing water draining from
remote, abandoned mines has been identified
by the EPA as a significant environmental/
health hazard in the Western United States
(Ref. 4). Many of these waters contain
dissolved arsenic in the trivalent and
pentavalent state.

Arsenic compounds and solutions are
frequently an unwanted byproduct of the mining
and metallurgical extraction of metals such as
copper, gold, lead, and nickel. Arsenic waste
problems will continue to grow as high-grade
ores with low-arsenic content are depleted, and
the processing of sulfide ores



with high arsenic content becomes increasingly
common. An example of arsenic-bearing solid
wastes from the processing of gold and base
metal ores is the flue dust produced from
roasting and smelting unit operations. The flue
dust is often concentrated in arsenic; the
arsenic is usually present as arsenic trioxide.
Large guantities of flue dust from past and
current mineral-processing operations are
being kept in temporary storage pending the
development of safe disposal methods.

The U.S. National Drinking Water Standard
for arsenic is 50 parts per billion (ppb). Due to
concerns for cancer risk associated with
arsenic, the World Health Organization
recently revised the guideline for arsenic in
drinking water from 50 to 10 ppb in 1993

(Ref. 5).

Arsenic is a naturally occurring element
commonly found in the mining industry.
Dissolved arsenic has two common valence
states (111 and V). Generally, arsenic in the
arsenite state (I11) is more soluble than arsenic
in the arsenate state (V). Due to this chemical
trait, arsenic is generally removed more
effectively from solutions in the oxidized or
arsenate state (Ref. 6).

1.6 Statement of Project Objectives
The primary objective of the field
demonstration project was to assess the

effectiveness of the chosen processes for
removal of arsenic from solution. Another
objective of the project was to evaluate the
products formed from each process to
determine if they are environmentally stable.
More specifically, the project objectives were:

C  Reduction of the concentration of
dissolved arsenic in the effluent waters to
a level less than the National Primary
Drinking Water Regulation Limit for
arsenic established by the EPA of 50 ppb,
or reduce the concentration of dissolved
arsenic by 50% if the influent
concentration was less than 50 ppb.

C  Production of the concentrated
arsenic—bearing solids from the processes
that are environmentally stable by
demonstrating that arsenic results using
TCLP will be below the maximum
concentration for toxicity of 5.0 mg/L.

1.7 Demonstration Site Locations

A number of sites that have arsenic present in
process or effluent streams were identified.
Two sites selected for the demonstration were
ASARCO Lead Smelter East Helena, Montana
and TVX Mineral Hill Mine 1,300" Portal
located in Jardine, Montana. Each site along
with MSE in Butte, Montana is identified in
Figure 1-1.
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2. Project Organization and Responsibilities

2.1 Project Officers

Specific EPA, DOE, and MSE project officers and their
respective responsibilities for Activity 111, Project 9 are listed
below.

EPA Project Officer—Roger Wilmoth: Responsible for EPA
project management for MWTP and reviewing and approving the
final project report.

DOE Project Officer—Mel Shupe: Responsible for DOE
participation in the MWTP and reviewing and approving the final
project report.

National Risk Management Research Laboratory (NRMRL)
Quality Assurance Associate—Kim McClellan: Responsible for
reviewing and approving the QAPP.

MSE Program Manager—Creighton Barry: Responsible for
senior review of all project plans and deliverables and for ensuring
that the project objectives are achieved within schedule and budget
constraints.

MSE MWTP Projects Manager—Martin Foote: Responsible for
ensuring that the project is conducted according to the appropriate
plans and that all project activities are documented in a project file.
Also informs the Program Manager of the project status and of any
technical/administrative/contractual/ financial issues and proposed
resolutions.

MSE Arsenic Removal Technical Project Manager—Jay

McCloskey: Responsible for the execution of elements assigned
by the
Project Manager. Directly responsible for the

execution of field experiments and sampling schedule.

MSE Project Test Engineer—Dick Harned: Responsible for
developing the test plan for the project.

Montana Tech Representative—Dr. Larry Twidwell:
Responsible for bench-scale testing of mineral-like precipitation
process and scale up for the demonstration skid.

ZENON Representative—Glenn Vicevic: Responsible for
construction and delivery of alumina adsorption skid to
demonstration location, and input on experimental design related to
ZENON skid.

MSE Technology Testing and Operations Manager—Vince
Tonc: Responsible for all aspects of testing and operations
including safety and health and QA/QC.

MSE Project QA Officer—Helen Joyce: Responsible for
developing the project QAPP, auditing test personnel and
equipment and for submitting audit findings to the Technology
Testing and Operations Manager, and independent data validation.

MSE-HKM Laboratory Manager—Kevin Kissell: Responsible



for ensuring that all analytical data meets quality objectives and for
review of all laboratory reports.

MSE-HKM Laboratory QA Officer—Jackie Timmer:
Responsible for reviewing all analytical data associated with the

project and submitting findings to the QA Manager.

3. Technology Descriptions

The three arsenic removal technologies demonstrated during the
MWTP Activity 11l Project 9, Arsenic Removal Demonstration
Project were 1) mineral-like precipitation; 2) alumina adsorption
with microfiltration; and 3) ferrihydrite adsorption process.

At the request of the technology providers, minimal process
information is provided in the following sections. Only sufficient
information is provided to gain a basic understanding of each
process.

3.1 Mineral-Like Precipitation of Arsenic

Mineral-like precipitation of arsenic from aqueous solution was
investigated on a bench- scale level at Montana Tech by Dr. Larry
Twidwell as part of MWTP Activity IV, Project 5—Removal of
Arsenic from Waste Solutions as Storable Stable Precipitates
(Ref. 7). The objective of this project was to strip arsenic from
solutions in such a way so as to produce mineral-like precipitated
products that are stable for long-term storage in outdoor pond
environments. The approach investigated was the substitution of
arsenate ions for phosphate ions in known phosphate minerals, such
as hydroxy apatite [HAP,Ca,,(PO,)s(OH),] (Ref. 7). The mineral-
like precipitation process is presented in Figure 3-1.

The MWTP Activity IV, Project 5 study resulted the following

positive results.

Arsenic can be effectively stripped to the parts per billion range
from aqueous solutions by controlling the pH and P/As molar ratio
in the initial solution.

A series of arsenatephosphate hydroxyapatite (APHAP)-bearing
solid solutions can be formed by controlling the P/As molar ratio in
the initial solution prior to precipitation. Solid solutions containing
arsenic concentrations from approximately 3% to 30% have been
formed. These are new compounds that have never been reported
previously. The new compounds stoichiometry have been
identified by chemical digestion and their structures by x—ray
diffraction and x-ray photoelectron spectrometry (XPS).

The standard free—energy of formation of the APHAP compounds
have been determined at 25 C. This information can be used to
model the stability of the compounds under various solution
conditions. One of the important considerations is whether the
compounds will be stable for long-term storage in tailings pond
environments (i.e., exposure to air). Previously, Dr. R.G. Robins
had demonstrated that calcium arsenate compounds are unstable in
air because the carbon dioxide in the air reacts with the calcium
arsenate to form calcium carbonate and releases the arsenic back



to the solution phase (Ref. 8).

Modeling of tailings pond conditions shows that compound stability
is a function of P/As mole ratio. Compounds with a P/As mole
ratio greater than five should be stable to air exposure in tailings
pond-type storage conditions.

Currently, compound stability is being tested by sparging air into

stability tests were performed on sludge products from this
demonstration.

If the long-term stability of the solids formed using the
mineral-like precipitation process is demonstrated, this process
shows great promise for industrial applications. The mineral-like
precipitation process is illustrated in Figure 3-1. Sampling
locations for the mineral-like precipitation process are also shown
in Figure 3-1 [101, 102, 104, 105, 106 Filter cake #1, pH, and flow
indicating transmitter (FIT)]. The same skid was used for both the
ASARCO and Mineral Hill Mine demonstrations. The skid was
thoroughly decontaminated following the ASARCO demonstration
before transportation to the MSE Testing Facility to treat the
Mineral Hill Mine water. The pH elements indicate the location
of pH probes to monitor the pH in tank number 101, tank number
102, and tank number 103. The FIT element in Figure 3-1 denotes
the location of a flow totalizer.

3.2 Alumina Adsorption of Arsenic with Microfiltration
Alumina adsorption is a widely recognized technology for the
removal of arsenic from water. An innovative approach of using
alumina adsorption with microfiltration has been developed by
ZENON. The arsenic adsorption microfiltration (AAM) process

aqueous/compound slurries. The pH, oxidation—reduction potential
(Ey), arsenic, phosphorus, and calcium concentrations are being
monitored as a function of aging time.

After 6 months of aging, all dissolved arsenic concentrations
remain below 50 Fg/L. Similar

is presented in Figure 3-2.

Arsenic—contaminated wastewater was pumped to the ZeeWeed
Microfiltration process tank. The ZeeWeed Microfilter had a
pore size of <<0.2 micrometers (um) and was installed directly in
the process tank. Air was added to the module to continually move
the fibers, thereby keeping them clean. The permeate was
withdrawn from the process tank by applying a vacuum of 5 to 10
pounds per square inch gauge (psig) on the ZeeWeed membrane.

A suspension of finely divided activated alumina particles was
charged to the ZeeWeed Microfiltration tank. The particles have
an approximate size of 1.5 um, and therefore, do not settle readily.
It is the small size of the activated alumina that allows the AAM
process to be effective because the surface area per particle
accessible to the arsenic adsorption is extremely high as opposed to
conventional alumina adsorbents that are used in columns.
Therefore, the kinetics of adsorption are extremely favorable and
rapid.

The first step of arsenic removal involves mixing the arsenic
contaminated water with finely divided activated alumina in slurry
form in an adsorption reactor. The wastewater was continually



pumped to the well-mixed ZeeWeed process tank and the arsenic
was adsorbed onto the activated alumina. Bench-scale testing has
demonstrated that the arsenic adsorption Kinetics are favorable at a
pH of 3to 4. The ZeeWeed process tank was held at this pH using
hydrochloric acid. The ZeeWeed membrane rejects the activated
alumina particles, and the permeate (with a very low concentration
of arsenic) was discharged. As more and more wastewater was
processed, the activated alumina adsorption sites became occupied
and the adsorbent was saturated. Regeneration of the absorbent
was accomplished by the addition of sodium hydroxide to the
process tank until the pH of the activated alumina was
approximately 12. The arsenic was then desorbed from the
alumina. Formation of a concentrated sodium arsenate brine was
generated and recovered during the regeneration cycle. The brine
was processed further to convert the arsenic to a physical and
chemical form that was most suitable for offsite recycle, reuse, or
disposal. Fresh wastewater or process effluent was fed to the
process tank at the same rate as the permeate was withdrawn.

Once the alumina regeneration cycle was completed, the flow of
the feed to the adsorption/regeneration tank was resumed for
another treatment cycle. The concentrated sodium arsenate brine
that was recovered during the alumina diafiltration was processed
further to convert the arsenic to the physical and chemical form
that was most suitable for offsite recycle, reuse, or disposal. The
diafiltered solution was then directed to a conventional iron
chloride coprecipitation process to recover the arsenic as a sludge.
Sampling ports for the alumina adsorption with microfiltration skid
are designated (301, 302, 304, 305, 306, FIT, and Filter cake #3)
in Figure 3-2. The FIT element in Figure 3-2 denotes the locations
of flow indicators. The skid was mobile to facilitate the setup at
the different demonstration sites. The alumina adsorption with

microfiltration technology was demonstrated treating the Mineral
Hill Mine 1,300 Portal water at the MSE Testing Facility in Butte,
Montana, and the thickener overflow water at the ASARCO East
Helena Smelter.

3.3 Ferrihydrite Adsorption of Arsenic

The ferrihydrite process is a commonly used industrial arsenic
removal technique. This technology was used as the baseline
technology for comparative purposes with the innovative
technologies of alumina adsorption with microfilitration and
mineral-like precipitation. The ferrihydrite process is illustrated in
Figure 3-3.

In order for ferrihydrite adsorption to occur, the ferric ion (Fe*?)
must be present in the water. Arsenic is most effectively removed
from the water when oxidized to the arsenate (As*®) state and the
Fe/As mole ratio is greater than 4 at a pH of 4 to 5. Dissolved
arsenic is removed from the oxidated water by a lime
neutralization process, in the presence of the Fe** which results in
the formation of arsenic-bearing hydrous ferric oxide
(ferrihydrite). The ferric ion is not stable in an aqueous
environment above pH 7 and will precipitate out as ferric
hydroxide (Ref. 9). The chemical reactions for these processes
are listed below:

Formation of ferric hydroxide:
Fe+3 -+ 3H20 """ = FE(OH)3(S) -+ 3H+
Adsorption and coprecipitation of arsenic(V) with Fe(OH);:

ASO4!3 =+ Fe(OH)3(S) """ =



Fe(OH)y, + AsO,3
Acid neutralization with lime (CaO):
Ca(OH), + 2H* ------ = Ca*?+ 2H,0

The ferrihydrite is separated from the treated water before the
process of arsenic removal is complete. The solid-liquid
separation is accomplished by a process involving conventional
settling/flocculation with pressure filtration.

The ASARCO East Helena Lead Smelter had an existing
ferrihydrite system that was used to compare removal efficiencies
and process economics for the treatment of arsenic in water to the
mineral-like precipitation process and alumina adsorption with
microfiltration.

A pilot-scale ferrihydrite system was constructed to treat the
Mineral Hill Mine water. Sampling ports are shown in Figure 3-3
for the Mineral Hill Mine demonstration (201, 202, 204, 205, 206,
Filtercake #2, pH and FIT). The pH elements indicate the
locations of pH probes in tank 201, tank 202, and tank 203. At the
ASARCO East Helena Lead Smelter, the sampling ports were the
influent, effluent, and sludge sampling locations currently used for
the existing ferrihydrite system.

The arsenic-iron sludge from the Mineral Hill Mine Site
Demonstration processes was expected to pass toxicity
characteristic leaching procedure (TCLP). After this information
was verified through testing, the sludge was disposed of at the
Butte-Silver Bow Sanitary Landfill. The ASARCO sludge was
recycled to its smelter operation.
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4. Site Descriptions

The pilot-scale demonstrations were performed at two sites: 1)
ASARCO East Helena Lead Smelter in East Helena, Montana,
and 2) MSE Testing Facility in Butte, Montana.

All field testing of these processes were conducted by MSE,
Montana Tech, and ZENON personnel. Monitoring of pH, E,,
and flow rates were performed at both sites.

All additional inorganic chemical analyses for samples collected at
both sites are being conducted at the MSE-HKM Analytical
Laboratory, which is located in Butte, Montana. Long-term
stability tests are being conducted on the solids produced from the
ferrihydrite process and the mineral-like precipitation process at
Montana Tech.

4.1 ASARCO East Helena Lead Smelter

The ASARCO East Helena Lead Smelter has been in operation
since the late 1800s. The East Helena Smelter is a custom,
primary lead smelter that produces lead bullion from a variety of
both foreign and domestic concentrates, ores, fluxes, and other
nonferrous metal-bearing materials. The East Helena Smelter
also produces byproducts such as silver, gold, copper, and sulfuric
acid.

The East Helena Smelter is located within the City of East Helena,
3 miles east of Helena, Montana. The demonstration was housed

11

in the proximity of the Strike Clarified Acid Water Storage Tank
Building and the technologies were tested using scrubber blowdown
water and/or thickener overflow water from the gas cleaning
system prior to entering the acid plant.

Analytical constituents for both the scrubber blowdown and
thickener overflow water are presented in Tables 4-1 and 4-2,
respectively.

4.2 Mineral Hill Mine

The demonstration was to be held at the Mineral Hill Mine. The
Mineral Hill Mine is an underground gold mine owned by TVX
Mineral Hill Mining, Inc., and had been in operation intermittently
since World War Il. Recently, mining operations at the Mineral
Hill Mine ceased. The mine is located in Park County, at Jardine,
Montana, 5 miles from the community of Gardiner, Montana.

For the duration of the demonstration, Mineral Hill Mine supplied
the needed volume of water from the 1,300-foot level portal. Due
to some logistical problems, it was decided to haul the Mineral Hill
Mine 1,300" Portal water and perform the demonstration at the
MSE Testing Facility in Butte, Montana. The untreated water was
gravity fed to a tank truck and hauled to MSE. The treated water
from the skid was analyzed and discharged to the Butte-Silver Bow
sewer system. Analytical results for Mineral Hill Mine water can
be seen in Table 4-3.



Table 4-1. Constituents of ASARCO Scrubber Blowdown Water

Constituent Dissolved Species Concentration, pg/L
As(lIT) 3,913,000
As(V) 702,000

Cd 412,600
Ca 51,500
Cd 412,600
Cl 2,200,000
Cu 5,000
Fe 29,100
Pb 9,800
Mn 14,300
P 9,000
S 1,117,000
Se 10,400
Si 32,900
Zn 141,600

! Dissolved concentrations (i.e., sample filtered through a 0.2 micron HDPE filter disk).

Table 4-2. Constituents of ASARCO Thickener Overflow Water

Constituent Dissolved Species Concentration, pg/L
As(l11) 4,060
As(Total) 5,810
Ca 732,400
Cd 20
Cu 10
Fe 30

12



Table 4-2. Constituents of ASARCO Thickener Overflow Water

Constituent Dissolved Species Concentration, pg/L
Pb <20
Mn 20
P 24,600
S 812,000
Se 1,410
Zn <9

! Dissolved concentrations (i.e., sample filtered through a 0.2 micron HPDE filter disk
except for arsenic). The arsenic speciation was determined on an unfiltered sample.

Table 4-3. Constituents of Mineral Hill Mine 1,300" Portal Water

Constituent Dissolved Species Concentration, pg/L
As(V) 366
As(Total) 362 (range was 366-670)
Ca 124,600
Cd 10
Cu 10
Fe <24
Pb <20
P <30
S0,? 181,000
Zn <10

! Dissolved concentration (i.e., sample filtered through a 0.2 micron HPDE filter disk).
5. Quality Assurance
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MSE developed a QAPP (Ref. 3) to control the
experimental test work design for the Arsenic
Removal Project. The Test Plan (Ref. 9) was
developed to implement the QAPP and the
associated scope of work for the
demonstrations and management of each
project. The QAPP was written to followed
EPA Category Il procedures. Sampling

Procedures, and Analytical Procedures and
Calibration along with sample port/location
descriptions, sample matrix, noncritical and
critical measurements and frequency for each
process demonstration are attached in
Appendix A. For further information on the
experimental design, refer to the QAPP and
Work Plan references (Refs. 3 and 9).
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6. Field and Laboratory Data Validation Report

In August of 1997, sampling officially began for the MWTP
Activity 111, Project 9—Arsenic Removal Demonstration.
Sampling, analyzing, and calibration procedures are presented in
Appendix A.

6.1 Project Audits
An audit of a specific portion of each technology demonstration
was performed throughout the project:

C Field Systems Audit at ASARCO for the Alumina Adsorption
Process;

C Metals Analysis Review at Montana Tech for the
Mineral-Like Precipitation Process; and

C Sample Collection/Decontamination Procedures Review at the

MSE Testing Facility for the Ferrihydrite Adsorption Process.

6.1.1 Field Systems Audit at ASARCO

A field systems audit was performed on August 14, 1997, at the
Alumina Adsorption process demonstration at the ASARCO Lead
Smelting Plant. The Alumina Adsorption process was
demonstrated by ZENON Environmental, Inc. The system audit
included a review of the following items:

personnel, facilities, and equipment;
documentation [chain-of-custody (COC), logbooks];
calibration of equipment; and

sampling procedures.

No concerns were identified during the audit.

6.1.1.1 Personnel, Facilities, and Equipment
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Personnel present during the audit included: Jay McCloskey,

Technical Project Manager; Dave Reisenauer, Operator; Glenn
Vicevic, ZENON, Project Manager; and Greg McGinn, ZENON,
Operator.

The demonstration was held at the ASARCO lead smelting plant,
located in East Helena, Montana. Equipment for the
demonstration was housed in the acid plant at the smelter.
Analysis and preparation of the samples (filtering, preserving) was
performed in the plant on a table specifically designed for that
purpose. Project personnel were knowledgeable about the
demonstration and their duties and responsibilities at the
demonstration site.

All ZENON equipment was checked prior to shipment with
National Institute of Standards and Technology (NIST) secondary
standards on a scheduled basis. All calibration information was
available on the equipment checkout sheet provided by ZENON.
ZENON is I1SO and its personnel were familiar with quality
assurance (QA) procedures in general.

6.1.1.2 Documentation

Chain-of-custody procedures were reviewed at the demonstration
site and all COC procedures were being followed. The project
logbooks were also reviewed. The sampling logbook was very
thorough and included spaces where specific information was
required. Sampling personnel were familiar with the logbook
format and COC procedures.

6.1.1.3 Calibration of Equipment

Field equipment was used to collect pH and flow rate. This
information was recorded from digital readouts on the
demonstration skid. The pH was also verified by collecting a



sample and measuring the pH with a pH meter. Standard
operating procedures (SOP) were available at the demonstration
site to calibrate/operate the pH meter and the ZENON alumina
adsorption skid. Sampling personnel were familiar with the SOPs
and requirements for routine calibration of the pH meter.

6.1.1.4 Sampling Procedures

A review of sampling activities was also performed during the
systems audit. Operations personnel from MSE and ZENON
were trained by MSE-HKM Laboratory personnel in proper
sampling procedures. ZENON personnel were familiar with
sampling procedures because similar procedures were used during
the ZENON demonstration for the Resource Recovery Project at
the MSE Testing Facility. All sample collection and equipment
decontamination procedures were followed by sampling personnel.

Samples were stored in a refrigerator at 4 °C at the demonstration
site prior to shipment to the laboratory. The most critical holding
times were for arsenic and iron speciation. Samples were shipped
via ground transportation in sealed coolers filled with ice by project
personnel. The drive from the ASARCO lead smelting plant to the
laboratory took approximately 60 minutes. For the mineral-like
precipitation process demonstration, an audit of arsenic analysis
was performed at Montana Tech.

6.1.2 Metals Analysis Review at Montana Tech

In addition to the systems audit in the field, an audit of Inductively
Coupled Plasma (ICP) with Hydride Generation for arsenic
analysis in the Metallurgy Department at Montana Tech was
performed on the evening of August 14, 1997. The analyst was
Michelle Gale, a graduate student from Montana Tech assisting
Dr. Larry Twidwell on the mineral-like precipitation
demonstration. For the entire duration of the project, ICP analysis
had been performed by Montana Tech to assess how the process is
operating and allow for process changes if warranted. The
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purpose of the metals analysis at Montana Tech was to determine
the arsenic concentration throughout the process with shorter
turnaround times than the MSE-HKM Laboratory. Arsenic was
the only analysis performed.

A Varian Liberty 110 ICP was used for the analysis. The ICP was
calibrated with three standards and a blank. Quality control (QC)
checks included continuing calibration verification (CCV),
continuing calibration blank (CCB), preparation blank, laboratory
control sample (LCS), and duplicates. During the first run, the
ICP analysis was out of control limits for the CCV. A sampler
tube was changed, the ICP was recalibrated, and the analysis
proceeded until all of the samples had been analyzed. The analysis
generated some interesting results that identified a possible
problem with decontamination of tanks and hoses following the
ASARCO demonstration of the mineral-like precipitation process.
The influent to the system has a concentration of approximately 450
ppb, while the initial tanks in the system had concentrations of
approximately 600 ppb. These results indicated that arsenic was
being added to the system rather than being removed. When the
effluent sample was analyzed, the result was only 8 ppb, which
easily met the objective. To determine the source of the arsenic
contamination, the decontamination procedures following the
ASARCO demonstration were most likely not rigorous enough.
While the tanks were acid washed, it was discovered that the hoses
may not have been flushed thoroughly, which could account for the
elevation of arsenic in the early stages of the process. In any case,
the mineral-like precipitation process was able to remove the
additional arsenic. In the future, the wastewater with the lowest
concentration (Mineral Hill Mine Water) should be demonstrated
first and then the wastewater with the higher concentration
(ASARCO) could be demonstrated.

6.1.3 Sample Collection/ Decontamination Procedures
Review at the MSE Testing Facility



For the ferrihydrite adsorption of arsenic portion of the
demonstration, sample collection procedures were witnessed on
09/05/97, near the end of the demonstration. The purpose of the
audit was to oversee sample collection and equipment
decontamination procedures performed by project personnel at the
MSE Testing Facility. Rich Henningsen, a process engineer,
performed the sampling. First, a sample for iron and arsenic was
collected from the ferrihydrite adsorption process, then filtered
using pressure filtration, preserved with nitric acid, capped,
labeled, and recorded in the project logbook. The filtering
apparatus was then decontaminated with a 1:1 nitric acid and
thoroughly rinsed with deionized (DI) water. To determine
whether decontamination procedures were effective, a field
external decontamination blank was collected. The field external
decontamination blank results give an indication of contamination
introduced through sampling procedures, field equipment (filter
and filtering apparatus), preservation, and carryover after
decontamination, as well as contamination introduced in the
laboratory. The MSE-HKM Laboratory reported the results of
this sample, and the results showed no contamination at <<40 ppb
by inductively coupled plasma atomic emission spectroscopy (ICP)
and <<1 ppb by atomic absorption (AA) analysis. The results of
this blank indicate that the decontamination procedures for
sampling equipment used during the project were rigorous enough.
Results of other field QC samples are discussed in Section 6.2.4 of
this report.

6.2 Data Evaluation

In addition to the systems audits performed during the project, all
field and laboratory data has been evaluated to determine the
usability of the data. The final project samples were collected on
September 8, 1997.

To determine the effectiveness of the arsenic removal processes
being demonstrated, several sampling points were designated for
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each process and a variety of analyses were assigned to each point.
The analyses to be performed were specified in the project-
specific QAPP (Ref. 3), and each analysis was classified as
critical or noncritical. A critical analysis is one that must be
performed in order to achieve project objectives. A noncritical
analysis is one that is performed to provide additional information
about the process being tested.

Critical analyses for this project are summarized below.

— Dissolved arsenic; and
—  TCLP for arsenic.

Noncritical analyses for this project are listed below:

- pH;

- By

— total flow;

—  temperature;

—  flow rate;

—  arsenic speciation;

— iron speciation;

— dissolved metals (Al, As, Cd, Cu, Fe, Pb, P, Zn, Ca);

—  total recoverable metals (Al, As, Cd, Cu, Fe, Pb, P, Zn,
Ca);

— total metals (As, Ba, Cr, Cd, Cu, Fe, Pb, P, Ag, Zn, Ca);

—  percent solids; and

- TCLP (Ba, Cd, Cr, Pb, Hg, Se, Ag).

The QC objectives for each critical analysis were outlined in the
QAPP and were compatible with project objectives and the
methods of determination being used. Additional information on
critical and noncritical analysis is available in Appendix A. The
QC objectives are method detection limits (MDLSs), accuracy,
precision, and completeness. Control limits for each of these



objectives were established for each critical analysis. For
noncritical analyses, QC objectives were determined using
standard guidelines that exist or applying reasonable control limits
in order to determine the usability of the data.

6.3 Validation Procedures

Data that was generated for all critical and noncritical analyses
was validated. The purpose of data validation is to determine the
usability of all data that was generated during the project. Data
validation consists of two separate evaluations: 1) an analytical
evaluation, and 2) a program evaluation.

6.3.1 Analytical Evaluation
An analytical evaluation is performed to determine the following:

C  All analyses were performed within specified holding times;

C  Calibration procedures were correctly followed by field and
laboratory personnel;

C  Laboratory analytical blanks contain no significant
contamination;

C  All necessary independent check standards were prepared and
analyzed at the  proper frequency and all remained within
control limits;

C  Duplicate sample analysis was performed at the proper
frequency, and all Relative Percent Differences (RPDs) were
within specified control limits;

C  Matrix spike sample analysis was performed at the proper
frequency and all spike recoveries (%R) were within
specified control limits; and

C  Data in the report submitted by the laboratory to project
personnel can be verified from the raw data generated by the
laboratory.

Measurements that fall outside of the control limits specified in the
QAPP, or for other reasons are judged to be outlier, were flagged
appropriately to indicate that the data is judged to be estimated or
unusable. All QC outliers for all sampling events are summarized
in Table 6-2. In addition to the analytical evaluation, a program
evaluation was performed.

6.3.2 Program Evaluation
Program evaluations include an examination of data generated
during the project to determine the following:

C  All information contained in COCs is consistent with the
sample information in field logs, laboratory raw data, and
laboratory reports;

C  All samples, including field QC samples, were collected, sent
to the appropriate laboratory for analysis, and
analyzed and reported by the laboratory for the appropriate
analyses;

C  All field blanks contain no significant contamination; and

C  All field duplicate samples demonstrate precision of field as
well as laboratory procedures by remaining within
control limits established for RPD.

Program data that was inconsistent or incomplete and did not meet
the QC objectives outlined in the QAPP were viewed as program
outliers and were flagged appropriately to indicate the usability of
the data. Both the analytical and program evaluations consisted of



evaluating the data generated in the field as well as in the
laboratory.

6.4 Analytical Evaluation
The analytical evaluation of field and laboratory data was
completed in November of 1997.

6.4.1 Field Logbook Evaluation

Field data validation began with an examination of the field log
books that were created for this project. Sampling logbooks were
created for each process test. General site logbooks were also
created for the demonstration by MSE personnel and Australian
Nuclear Science and Technology Organization (ANSTO)
personnel. The field logbook typically contains all of the
information that is available regarding the following:

— information about fieldwork performed; and
— sample collection activities,

6.4.1.1 Information About Fieldwork Performed

The general logbooks contained daily logs of fieldwork performed
and process measurements taken. Feed and tank changes were
noted in the general logbook.

6.4.1.2 Sample Collection Activities

Sampling logbooks contained all of the appropriate information for
sample collection and field measurements that were taken.
Sampling conditions and information such as weather conditions,
date of sampling, time of sampling, and details of fieldwork
performed should be specified in the field logbook for each
sampling event. Sampling information was complete and accurate
for all sampling events. While a specific space was not provided
for additional comments or information, sampling personnel made
notes in the margins when necessary. The sampling logbook
format facilitated review by specifying a space for each
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measurement to be recorded in; therefore, missing information
was easy to locate. All of the preservatives required for each
analysis were clearly listed in the sampling logbooks. The
logbooks for the alumina adsorption process contained the wrong
sample preservatives for sulfate and total suspended solids (TSS)
analysis; however, this problem was discovered and corrected in
the field although it could have been a serious problem that affected
the entire test series for the alumina adsorption process. Table 17
in the QAPP summarized the analyses and the proper
preservatives for all of the analyses and similar tables in future
QAPPs should be consulted when creating logbooks. In addition,
any new personnel used for sampling activities should be made
aware of the QAPP and the procedures outlined in the QAPP to
avoid this mistake in the future.

6.4.2 Field Data Validation

Field data validation was performed to determine the usability of
the data that was generated during field activities. The usability
was determined by verifying that correct calibration procedures of
field instruments were followed. Standard operating procedures
for calibration of field instruments were available at the
demonstration site. All of the field measurements were classified
as noncritical. The following measurements were performed in
the field:

— EH!

- pH;

— temperature;
— flow rate; and
— total flow.

Table 6-1 summarizes the measurements that were not recorded in
the logbook for the various tests. There was no justification
provided in the logbook as to why the data was not collected. The



reason(s) for not recording measurements should be provided in
the logbook.

6.4.2.2 E,

An Orion E,, meter with a silver/silver chloride reference
electrode was used to determine the E,, of samples at the
demonstration site. The electrode was calibrated using Zoebell’s
solution of known E,,. All E, data are considered usable. The
calibration was not documented in the project logbooks; however,
during the demonstration audit, project personnel indicated the E,,
meter was calibrated each day measurements were taken. All
equipment calibrations should be documented in the project
logbooks. Refer to Table 6-1 for the dates and times E,, was not
recorded in the logbook for each test.

6.4.2.3 pH

The pH meter was calibrated using two known buffer solutions that
would bracket the measured pH. Calibration of the pH meter was
performed each day pH measurements were taken. The pH data
were also recorded from pH meters installed in the process skids,
if available. All pH data are considered usable. Refer to Table 6-
1 for the dates and times pH was not recorded in the logbook for
each test.

6.4.2.4 Temperature

Temperatures of the process inlets and outlets were measured
using the thermistor in the pH meter or mercury thermometers.
The thermistor and the mercury thermometers were calibrated by
the Instrumentation and Control Department on a regular basis
according to the manufacturer’s instructions. All temperatures
were recorded in the project logbooks when measurements were
taken, and all temperature data is considered usable. Refer to
Table 6-1 for the dates and times temperature measurements were
not recorded in the logbook for each test.
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6.4.2.5 Flow Rate and Total Flow

Flow rates and total flow were determined using flow meters or
flow totalizers installed within each process skid. Project
personnel recorded the flow rate or total flow from a digital
readout. Refer to Table 6-1 for the dates and times that flow
measurements were not recorded in the project logbooks.

6.4.3 Laboratory Data Validation

Laboratory data validation was performed to determine the
usability of the data that was generated by the laboratory for the
project. The following analyses were performed in the MSE-
HKM Laboratory:

— arsenic speciation (noncritical);

— iron speciation (noncritical);

— dissolved metals (Al, As, Cd, Cu, Fe, Pb, P, Zn, Ca) (critical
and noncritical);

— TCLP (critical);

— total recoverable metals (Al, As, Cd, Cu, Fe, Pb, P, Zn, Ca,
Na) (noncritical);

— total metals (As, Ba, Cd, Cr, Cu, Fe, Pb, P, Zn, Ca, Na)
(noncritical); and

— percent solids (noncritical).

Laboratory data validation was performed using USEPA Contract
Laboratory Program National Functional Guidelines for Inorganics
Data Review (Ref. 10) as a guide (where applicable) to each
individual analysis. For critical analyses, the QC criteria outlined
in the QAPP were also used to identify outlier data and determine
the usability of the data for each analysis. When data validation
was initiated, the MSE-HKM Laboratory was not sending
sufficient information to perform a complete and thorough data
validation. Due to the large volume of data generated for the
project, the data validation was performed at the laboratory or by



electronic copy rather than requiring the laboratory to submit
copies of all data generated for the project.

6.4.3.1 Arsenic Speciation

Arsenic speciation analysis was performed at the MSE-HKM
Laboratory. The concentration of As*3and As*®in project
samples was determined using furnace AA, following the
speciation of the arsenic using the lon Exchange Ficklin Method.
The procedure involves passing 5 milliliters (mL) of the filtered,
acidified sample through an ion exchange column packed with
Donwex 1 x 8 anion-exchange resin in 100-200 mesh size. The
As™® adheres to the acetate form of the ion exchange resin while
the As*2 passes through the column. To ensure the recovery of all
of the As*3, the column is eluted with three separate 5-mL portion
of DI water. The original sample and each elution are collected in
separate vials numbered 1 through 4. These vials contain the As*?
from the original sample. The column is then eluted with three
separate 5 mL portions of 0.12 million (M) hydrochloric acid
(HCI). The pH change and the subsequent ion exchange causes the
As™® to pass through the column and the three vials containing the
last three elutions contain the As*®. All of the speciation vials as
well as an unspeciated total dissolved arsenic sample will be
analyzed by furnace AA to determine the concentrations of As*3,
As™®, and total dissolved As. Samples requiring qualification for
arsenic speciation analysis are summarized in Table 6-2.

6.4.3.2 lron Speciation

Iron speciation was performed at the MSE-HKM Laboratory. The
concentration of ferrous iron will be determined using a modified
colorimetric Standard Method 3500-Fe D from Standard Methods
for the Examination of Water and Wastewater, which uses
phenanthroline as the color developer. Total iron is measured
similarly after reducing the iron in the sample to the ferrous state
by boiling using acid and hydroxylamine and treating with 1,10-
phenanthroline at a pH of 3.2 to 3.3. The concentration of the
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ferric iron was then calculated by subtracting the concentration of
ferrous iron from the concentration of total iron. The
spectrophotometer was calibrated with a blank and at least three
standards. All iron speciation data is considered usable and
required no qualification.

6.4.3.3 Aqueous Metals Analysis by ICP

Dissolved and total recoverable metals concentrations and
concentrations in TCLP extracts were determined using SW-846
Method 6010A on a Varian Liberty 110 ICP. The samples were
prepared according to SW-846 Method 3005A. The ICP was
calibrated according to procedures outlined in SW-846 Method
6010A and the equipment manufacturer’s instructions. Calibration
consisted of the following procedures and items:

— mixed calibration standards;

— calibration blanks and reagent blanks;
— independent check standards;

— interference check solutions; and

—  QC samples.

Refer to Table 6-2 for samples requiring qualification for ICP
analysis.

6.4.3.4 Aqueous Metals Analysis by Atomic Adsorption
Because the ICP was not sensitive enough to detect arsenic
concentrations below 40 ppb, all samples with concentrations
below 100 ppb by ICP were reanalyzed by AA to more accurately
determine the concentration of arsenic at lower levels. One batch
of AA analyses required qualification due to an analytical spike
that was out of control. Because the spike recovery was low
(76.5%), there may be a slight negative bias in the arsenic
concentrations for these samples. Refer to Table 6-2 for the data
requiring qualification for AA analysis.



6.4.3.5 Toxicity Characteristic Leaching Procedure

Solid materials were subjected to the TCLP procedure outlined in
SW-846 Method 1311 at the MSE-HKM Laboratory. The resulting
extraction fluids from the TCLP were digested according to
procedures outlined in SW-846 Method 3005A for total recoverable
metals. In addition to the reagents listed in the method, 20 mL of
30% hydrogen peroxide (H,O,) was added to the samples prior to
digestion to help degrade the acetic acid. Digested samples were
analyzed by ICP with the exception of mercury. Mercury was
analyzed by cold vapor AA according to SW-846 Method 7470.

All TCLP data is considered usable, and none of the TCLP data
was qualified.

6.4.3.6 Solid Metals Analysis/Percent Solids

Solid samples were characterized for total metals by ICP
according to SW-846 Method 6010A at the MSE-HKM
Laboratory. Samples were digested according to SW-846 Method
3050A. The percent solids of each sample was also determined
using the method outlined in Exhibit D, Part F of the Contract
Laboratory Program Statement of Work, Document Number
IL03.0. The method involves weighing a wet portion of the solid
material, drying the sample in an oven to constant

weight, then reweighing the sample to determine the moisture lost
during drying. The percent solids data was used to report the total
metals on a dry weight basis. All percent solids data is considered
usable and required no qualification.

6.5 Program Evaluation
The program evaluation focused on the following areas:

COC procedures;

sampling and data completeness;
field blanks; and

field duplicates.
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6.5.1 Chain-of-Custody Procedures

All information provided in the COC forms for this project was
complete and accurate; however, on several occasions changes
were made on the COC forms and were not initialed and dated.
All changes made to COC or project logbooks should be made by
striking out the mistake with a single line and initialing and dating
the change.

6.5.2 Sampling and Data Completeness

All samples that were supposed to be collected were collected.
During several tests extra samples were also collected and fully
documented in the project logbooks. All

collected samples were analyzed for the requested analyses on the
COC forms.

6.5.3 Field QC Samples

All field QC samples were collected at the proper frequency for
tests specified in the QAPP. All samples requiring qualification
due to field QC samples are summarized in Table 6-2.

6.5.3.1 Field Blanks
None of the field blanks collected for the project showed significant
contamination.

6.5.3.2 Field Duplicates
Field duplicates showed very good agreement with the original
samples, with the following exception:

Alumina Adsorption Test at ASARCO
C Dissolved arsenic duplicate sampled on 08/14/97 was out of
control for arsenic analysis by AA.

See Table 6-2 for a summary of qualified data due to this out of
control field QC sample.



6.6 Summary

While the majority of the findings of the analytical and program
evaluations are minor and can be easily addressed or have already
been addressed, several lessons can be learned so that mistakes
will not be repeated during future projects. The following
recommendations are suggested in order to improve future project
and program QA/QC.

6.6.1 Laboratory QA/QC

QA/QC summaries and raw data were available for review at the
MSE-HKM Laboratory upon

Table 6-1. Summary of Field Measurements Not Recorded in Logbook

request; however, prior to future projects, project personnel should
inform any laboratory performing analyses about QA/QC reporting
needs (QA/QC summaries and raw data should be attached to the
report).

6.6.2 Field QA/QC

Field sample identification numbers included the sample port
number so that influent and effluent samples could be distinguished
from one another on the laboratory report. When questionable data
was reported, the reviewer had to have the field log data sheets to
determine if the sample was an influent or effluent. More
descriptive sample identification numbers would make the data
review process much easier.

There was a great volume of data generated during this project,
and while some of the data is considered estimated for various
reasons, the fact that all of the data is usable underlines the fact
that quality data was generated for MWTP Activity 111, Project 9.

Date Time Measurements not recorded
Mineral-Like Precipitation at ASARCO
21:35, 00:30, 1:29 Flow rate
Alumina Adsorption with Mineral Hill Mine Water
35666.0 22:00 (time was recorded as 10:00; however, Flow rate
military time should be used so each sample time is
unique to avoid confusion)
08/26/97 10:00 pH
08/26/97 16:00 Total Flow
Iron Co-Precipitation with Mineral Hill Water
35681.0 9:20, 13:20 Temperature
09/10/97 07:00 Flow rate, Temperature, pH, E,

Extra Samples after Similar data should be collected on extra samples
scheduled test completed for comparability

pH
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Table 6-2. Summary of Qualified Data for MWTP Activity I, Project 9

Date!

08/14/97

08/18/97

08/17/97
08/17/97

08/17/97
08/17/97
08/17/97

Sample ID

ASARCOLL#
1

ASARCOLL#
2

Feed 1A

PLA2-105
PLA2-106
PLA2-108
PLA2-110
PLA2-111
PLA2-113
PLA2-115
PLA2-118
PLA2-126

ALA-162

MLM-344
MLM-346

ALA-132A
ALA-133A
ALA-132B

Analysis

As Speciation

As Speciation

Total
Recoverable Cu
Fe

Pb

Al

Mg

P

Diss As by AA

Diss As
Al

Diss P

Diss Al

QC
Criteria

Total Recovery

Total Recovery

Duplicate

Field Duplicate

Duplicate

Cccv

ccv

80%-120% Recovery of
Arsenic Species

80%-120% Recovery of
Arsenic Species

Reviewer Discretion
(Laboratory Duplicate Control
Limit is #20% RPD)

#20% RPD

89-111% Recovery

89-111% Recovery

Control Result
Limit
125.9% Recovery

123.2% Recovery

#20% RPD

23% RPD
22.6% RPD
48.4% RPD
43% RPD
21.8 % RPD
47.1% RPD

63.8% RPD

136.2% RPD
56.6% RPD

112.3% Recovery

112.3% Recovery
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Flag?

[ SR SR SR P P S

Comment

The recovery of arsenic species was
outside specified control limits.

The recovery of arsenic species was
outside specified control limits

Duplicate results differed significantly
enough to flag associated samples “J”,
as estimated.

Field duplicate results differed
significantly enough to flag associated
samples “J”, as estimated.

Duplicate results differed significantly
enough to flag associated samples “J”,
as estimated.

Samples over the IDL are qualified “J”
as estimated due to out of control CCV.

Samples over the IDL are qualified “J”
as estimated due to out of control CCV.



1 Date that the samples were collected.

2 Data Qualifier Definitions:
U—The material was analyzed for, but was not detected above the level of the associated value (quantitation or detection limit).

J—The sample results are estimated.
R—The sample results are unusable.

UJ—The material was analyzed for, but was not detected, and the associated value is estimated.

Table 6-2. Summary of Qualified Data for MWTP Activity 111, Project 9 (cont.)

Date!

08/04/97
08/04/97
08/04/97
08/04/97
08/03/97
08/03/97
08/04/97
07/24/97
07/24/97
07/24/97
07/25/97
07/25/97
07/24/97
07/24/97
07/25/97
07/25/97
07/25/97

! Date that the samples were collected.

Sample ID

MLA-214
MLA-216
MLA-216A
MLA-216B
MLA-202
MLA-204
MLA-108
MLA-210A
MHA-102
MHA-104A
MHA-119A
MHA-120
MHA-108
MHA-108A
MHA-124
MHA-125
MHA-126

2 Data Qualifier Definitions:
U-The material was analyzed for, but was not detected above the level of the associated value (quantitation or detection limit).

J-The sample results are estimated.
R-The sample results are unusable.

Analysis QC Control
Criteria Limit

Diss As by AA  Analytical Spike 85%-115%
Recovery

UJ-The material was analyzed for, but was not detected, and the associated value is estimated.

Result Flag?

76.5%Recovery J

Comment

Analytical spike results were out
of control and the sample
concentration was less than 50%
of the spike concentration.



7. Demonstration Results

7.1 Mineral-Like Precipitation Results

7.1.1 ASARCO Scrubber Blowdown
Water Analytical Results

The removal of arsenic from ASARCO
scrubber blowdown water by the mineral-like
precipitation technology using a phosphorous to
arsenic mole ratio of 7 was very effective.
The effluent water from the settler (after 24-
hours continuous operation) contained <<10 ppb
arsenic (the goal was to remove the arsenic to
below 50 ppb). The experimental results are
summarized in Table 7-1, while the complete
experimental results are presented in
Appendix B. The influent composition and the
final effluent water from the treatment system
are presented in Table 7-2. The solution pH,
E,, and temperature data are summarized in
Table 7-3.

The removal of arsenic from scrubber
blowdown water is dependent on the addition of
the proper amount of lime (see Figure 7-1).
The solubility of arsenic as APHAP is depicted
in this figure. The data used to generate the
figure is based on the standard free energy of
formation of APHAP as determined by
Twidwell, et al (Ref. 7). Note that
approximately 40 g/L lime should be required
for effective removal of arsenic for an influent
arsenic concentration of 3.0 g/L. The
demonstration test was conducted using 56 g/L
lime. Figure 7-2 shows that approximately

50 g/L lime was required to raise the pH of the
scrubber blowdown water to 11 and above.

7.1.2 Solid Characterization

Solids were collected from the settler at the
end of each test run. The percent solids in the
settler bottoms were 21.9% (for the 24-hour
test) and 20.2% (for the 3-hour test). Aliquot
samples were split from the slurries and were
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used for settling rate studies. Each settler
bottom slurry was filtered. The filtrates were
saved and used in the long-term stability tests
(see Section 7.1.4) and will be used to replace
the solution that evaporates with time from the
long-term aging samples. The solids were
saved for characterization studies that included
elemental characterization, x-ray diffraction,
scanning electron microscopy (and energy
dispersive spectroscopy), and long-term
stability during storage.

7.1.3 Toxicity Characteristic Leaching
Procedure

The TCLP was performed on the composite
solids produced at the end of each treatment
series. Total metals concentration and TCLP
results are presented in Table 7-4 for the
24-hour, P/As mole ratio=—>5.5 test and
Table 7-5 for the 3-hour, phosphorus (P)/As
mole ratio=—11.9 test. Note that product
solids from the 24-hour test passed the TCLP
test but the solids from the short (higher
phosphorus) time (3-hour) test did not.
Therefore, the first test solids are considered
to be nonhazardous with respect to handling
and land disposal; however, the second test
solids are considered hazardous. The reason
that the second test solids did not pass the
TCLP is presently not known, although the
very short duration of the test (i.e., only 3
hours) may be the reason. Even though the
second test solids did not pass the TCLP test,
the solids are being subjected to long-term
leach testing.

7.1.4 Long-Term Stability

The need for long-term stability testing was
previously presented in Section 3.1 [i.e., the
solids that are produced by other technologies
(lime precipitation and ferrihydrite adsorption)
may not be stable for long—term outdoor
storage]. The mineral-like precipitation



technology solves the storage problem because
the product is thermodynamically stable against
conversion to calcium carbonate by carbon
dioxide in atmospheric air.

To validate that the mineral-like product was
indeed stable, long—-term stability tests were
initiated and will be continued for 2 years.
Briefly, the aging test procedure consists of the
following steps.

C  One-hundred grams of filter press solids
(percent moisture determined) were placed
in 1-liter of effluent solution in high—density
polyethylene (HDPE) bottles. Triplicate
test slurries were prepared.

C The slurries were shaken for 24 hours, pH
and E,, were determined, and solution
samples were extracted, preserved, and
submitted to MSE-HKM for analytical
characterization. These samples are
considered time zero for the aging
demonstration.

C Each sample bottle was then set so that air
could be sparged into the slurry at
10 mL/min. Presently, solution pH, E,,
and temperature are being monitored
monthly.

C  The solubility of the solids will be
determined after 1 and 2 years of
exposure.

The time zero analytical results for the
ASARCO scrubber blowdown water are
presented in Table 7-6.

7.1.5 X-ray Diffraction

The solids were subjected to x-ray diffraction.
The x-ray diffraction patterns are presented in
Figure 7-3. The patterns for the solids
produced from both the 20-hour and 3-hour
tests appear to be very similar. The pattern for
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the 20-hour test is presented in Figure 7-3.
Note that a semicrystalline product is
represented and that there is a cluster of peaks
in the 2-theta range 30-36E. This pattern is
similar (but the crystallinity is not yet well
developed) to the apatite and apatite-like
minerals. The APHAP compounds have the
same crystal structure as hydroxyapatite
(HAP) and arsenatehydroxyapatite (AHAP)
(i.e., Johnbaumite). This is illustrated in
Figure 7-4. Note that the solid solution APHAP
compound major peaks lie between the HAP
(no As present) and AHAP (no P present)
major peaks. Note also that the pattern for the
ASARCO solid (which contains approximately
2.1%—-2.7% arsenic) as seen in Figure 7-3,
when superimposed on the pattern for APHAP
(which contains 2.9% arsenic) shows excellent
similarity (see Figure 7-5).

7.2 ASARCO Thickener Overflow
Analytical Results

The removal of arsenic from ASARCO
thickener overflow water by the mineral-like
precipitation technology was very effective
[e.g., the effluent water from the settler (after
8-hours continuous operation) was less than

15 ppb arsenic (the goal was to remove the
arsenic to below 50 ppb)]. The experimental
results are summarized in Table 7-7. The
input water composition and the final effluent
water composition from the treatment system
is presented in Table 7-8. The solution pH,
E,, and temperature data are summarized in
Table 7-9. The arsenic removal was enhanced
by increasing the P/As mole ratio. The
removal of arsenic was very rapid at the higher
P/As ratio (i.e., the arsenic content was less
than 10 ppb in less than 15 minutes). This
effect is demonstrated by the data presented in
Table 7-9.

The data for two separate tests are
summarized in Table 7-7 (i.e., the first test
was conducted for 16 hours using a nominal



P/As mole ratio of 10; the second test was
conducted for 20 hours using a nominal P/As
mole ratio of 100). The reason for increasing
the P/As mole ratio to 100 is described below.

Samples were taken from Tank 101 (the
phosphate addition tank) early in the test
period. These samples were taken to Montana
Tech for quick analyses. The results showed
there was essentially no phosphorus available
in the solution phase in Tank 101 (i.e., samples
filtered through 0.2 um filter disks showed only
a few parts per billion phosphorus present but
samples not filtered showed the proper
phosphorus content). The phosphorus was
being adsorbed onto an organic phase (probably
from the filteraid used in the thickener).
Therefore, the first test was terminated at 16
hours. However, as noted in Table 7-7, the
loss of phosphorus from the aqueous solution
turned out to be a nonissue [i.e., excellent
arsenic removal was achieved (after
approximately 8 hours of operation) at the
lower P/As ratio].

The removal of arsenic from ASARCO water
treatment thickener overflow water requires
only minor lime addition. It would appear that
the thickener water (already at a pH of —11
and a calcium content of —730 mg/L) should
precipitate the APHAP compound without
addition of more lime. However, as the data
from sampling port 102, (the water exiting the
inlet reactor plus phosphate addition tank)
shows, arsenic was not precipitated (see
Figure 3-1). The reason for this result is
because much of the phosphate was adsorbed
onto the entrained flocculant. However, by
adding more lime to the system, arsenic was
stripped from the solution and flocculant. The
demonstration test was conducted by adding
sufficient lime to bring the lime content in the
water to 1 g/L. This addition, illustrated in
Figure 7-6, raised the solution pH to
approximately 12. It is likely that effective
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arsenic removal could have been achieved with
a much smaller lime addition (i.e., note that in
Figure 7-6, the solution pH would still be above
10, even at a lime addition rate of 0.25 g/L).
The unknown at this point is whether minor
lime addition rates would strip the phosphate
from the flocculate.

7.2.1 Toxicity Characteristic Leaching
Procedure

The TCLP was performed on the composite
solids produced at the end of each treatment
process. Total metals concentration and TCLP
results are presented in Table 7-10 for the
20-hour test, P/As mole ratio=100. Note that
product solids from the treatment sequence
passed the TCLP test. Therefore, these solids
are considered to be nonhazardous with respect
to handling and land disposal.

7.2.2 Long-Term Stability

The need for long-term stability testing was
presented previously in Sections 3.1 and 7.1.4,
[i.e., the solids produced by other technologies
(lime precipitation and ferrihydrite adsorption)
may not be stable for long-term outdoor
storage]. The mineral-like precipitation
technology solves the storage problem because
the product is thermodynamically stable against
conversion to calcium carbonate by carbon
dioxide in atmospheric air.

To validate that the mineral-like product is
indeed stable, long—term stability testing was
initiated and will be continued for 2 years. The
experimental test procedure was presented in
Appendix A. Briefly, the aging test procedure
consists of the following steps:

C  One hundred grams of filter press solids
(percent moisture determined) were placed
in 1 L of effluent solution (in HDPE
bottles). Triplicate test slurries were
prepared.



C The slurries were shaken for 24-hours, the
pH and E,, were determined, and solution
samples were extracted, preserved, and
submitted to MSE-HKM for analytical
characterization. These samples are
considered time zero for the aging
demonstration.

C Each sample bottle was placed so that air
could be sparged into the slurry at
10 mL/min. Solution pH, E,,, and
temperature are presently being monitored
monthly.

C The solubility of the solids will be
determined after 1 and 2 years of
exposure.

The time zero analytical results are presented
in Table 7-11.

7.2.3 X-ray Diffraction

The solids from the thickener overflow water
were subjected to x-ray diffraction analysis.
The results showed that solids formed were
similar to the scrubber blowdown water solids.
The x-ray diffraction patterns for the thickener
overflow water solids and the scrubber
blowdown water are superimposed in

Figure 7-7.

7.3 Mineral Hill Mine 1,300" Portal
Results

The removal of arsenic from Mineral Hill
Mine 1,300" Portal groundwater by the
mineral-like precipitation technology was very
effective [e.g., the effluent water from the
settler (after only 1 hour of continuous
operation) was <10 ppb (one sample was 25
Mg/L, the goal was to remove the arsenic to
below 50 ppb)]. The experimental results are
summarized in Table 7-12. The input water
composition and the final effluent water from
the treatment system is presented in Table 7-
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13. The solution pH, E,;, and temperature data
are summarized in Table 7-14.

The removal of arsenic from Mineral Hill
Mine groundwater is dependent on the addition
of the proper amount of lime, see Figure 7-8.
The solubility of arsenic as APHAP is depicted
in this figure. The data used to generate the
figure are based on the standard free energy of
formation of APHAP, as determined by
Twidwell, et al (Ref. 7). Note that less than
0.10 g/L lime should be required for effective
removal of arsenic.

The demonstration test was conducted using
three different lime addition rates shown on the
diagram in Figure 7-9 [i.e., the treatment
started at 1 g/L lime (for 32 hours), was
subsequently decreased to 0.5 g/L (after 32
hours), then was decreased to 0.25 g/L for the
reminder of the demonstration]. Also note in
Figure 7-9 that the solution pH was still above
10 even at a lime addition rate of 0.25 g/L
(solids must be formed at a pH of 10 or greater
to ensure that the product is stable for
long-term storage).

7.3.1 Batch Tests

Residence time, effect of P/As mole ratio, and
effect of hydrated lime content were
determined in a series of large—scale batch
tests. The procedure and experimental results
are presented below.

7.3.1.1 Residence Time

The residence time was determined by flowing
process solution into a single reactor and
measuring the arsenic concentration as a
function of fill time. Two tests were
conducted; one at a flow rate of 1 gallon of
groundwater/minute and the second at a flow
rate of 2 gallons of groundwater/minute. The
following parameters were held constant for
both tests: P/As mole ratio was 20, and the
hydrated lime concentration was 0.5 g/L. The



results are presented in Table 7-15. The
arsenic content was lowered to below the
project goal (<<50 ppb) in less than 15 minutes
residence time.

7.3.1.2 Effect of P/As Mole Ratio

Reactor vessels 102, 103, 107 were used to
conduct 75-gallon batch tests. Each vessel was
filled with Mineral Hill Mine groundwater and
phosphoric acid was added to give P/As mole
ratios of 10, 20, and 200. Hydrated lime was
then added to the three vessels (each agitated)
at the same time, and samples were collected
as a function of time. The experimental results
are presented in Table 7-15. The experimental
results show that the higher the P/As mole
ratio in the starting water, the lower the
achievable arsenic content in the treated water.
However, all the mole ratios investigated
showed arsenic removal from the solution to
below 50 pg/L in less than 5 minutes of
reaction time.

7.3.1.3 Effect of Hydrated Lime Content
Reactor vessels 102, 103, 107 were used to
conduct 75-gallon batch tests. Each vessel was
filled with Mineral Hill Mine groundwater and
phosphoric acid was added to provide a P/As
mole ratio of 10. Hydrated lime was then
added to the three vessels (each agitated) at the
same time and samples were collected as a
function of time. The experimental results are
presented in Table 7-16. The experimental
results show that hydrated lime concentrations
between 0.1 g/L and 0.5 g/L are required. The
large-scale continuous test demonstrated
effective arsenic removal at a lime content of
0.2g/L.

7.3.1.4 Solid Characterization

Solids were collected from the settler at the
end of the test run. The percent solids in the
settler bottoms were 1.2+0.1%. One liter of
the aliquot samples was split from the slurries
and used for settling rate studies (see Section
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7.3.3). Each settler bottom slurry was filtered.
The filtrates were saved and used to set up the
long-term stability tests (see Section 7.2.3) and
replace the solution that evaporates with time
from the long-term aging samples. The solids
were saved for characterization studies,
including elemental characterization, x-ray
diffraction, scanning electron microscopy (and
energy dispersive spectroscopy), and long-term
stability during storage.

7.3.1.5 Toxicity Characteristic Leaching
Procedure

The TCLP was performed on the composite
solids produced at the end of the treatment
series. Total metals concentration and TCLP
results are presented in Table 7-17. Note,
product solids from the treatment sequences
passed the TCLP test; therefore, these solids
are considered to be nonhazardous with respect
to handling and land disposal.

7.3.1.6 Long-Term Stability

The need for long—term stability testing was
presented previously in Sections 3.1 and 7.1.4,
the solids that are produced by other
technologies (lime precipitation and
ferrihydrite adsorption) may not be stable for
long-term outdoor storage. The mineral-like
precipitation technology solves the storage
problem because the product is
thermodynamically stable against conversion to
calcium carbonate by carbon dioxide in
atmospheric air.

To validate that the mineral-like product is
indeed stable, long-term stability testing was
initiated and will be continued for 2 years. The
experimental test procedure was presented in
Appendix A. Briefly, the aging test procedure
consists of the following steps:

C  One hundred grams of filter press solids
(percent moisture determined) were placed
in 1-liter of effluent solution (in HDPE



bottles). Triplicate test slurries were
prepared.

C The slurries were shaken for 24-hours. The

pH and E,, were determined and solution
samples were extracted, preserved, and
submitted to MSE-HKM for analytical
characterization. These samples are
considered time zero for the aging
demonstration.

C Each sample bottle was then set up so that
air could be sparged into the slurry at
10 mL/min. Solution pH, E,,, and
temperature are presently being monitored
monthly.

C The solubility of the solids will be
determined after 1 and 2 years of
exposure.

The time zero analytical results are presented
in Table 7-18. For comparison the ferrihydrite
technology results are also presented in

Table 7-18. Note that the mineral-like
precipitation is equal to, or more effective for
removing all the quoted elements, especially
arsenic.

7.3.2 Settling Rate

The envisioned utilization of the mineral-like
precipitation technology is that the precipitated
solids will be clarified in a thickener. The
overflow water will be the discharge water.
The underflow slurry from the thickener will
be pumped to a storage pond. The separation
of solids requires a properly sized thickener.
Therefore, a preliminary evaluation of settling
rate was conducted using the Kynch method.
Refer to the MWTP Activity Ill, Project 9—
Mineral-Like Precipitation Studies by

Dr. Larry Twidwell for a description of the
Kynch method and the results of the settling
rate tests (Ref. 11).
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The required thickener size is approximately
1,154*M (square meters of thickener surface
area, where M is the solids flow rate in metric
tons per hour). A sizing exercise is presented
below for a contaminated Mineral Hill Mine
water feed rate of 300 gallons per minute
(gpm) containing 500 ppb arsenic. This sizing
exercise is based on a settling data that did not
utilize any flocculant. Flocculant addition
would enhance the settling rate.

The process will produce 0.00078 metric ton
per hour (MT/hr) of product solids at the
assumed water flow rate [P/As mole
ratio=10, lime requirement 1.5 times the
stoichiometric requirement for
Ca1(AS.11P0.8002)s(OH)-

A thickener of 1154 m?/MT/hr*0.00078 MT/hr
= 0.9m? would therefore be required.

The diameter of the thickener would be 1.1 m
(3.5 ft).

The required thickener diameter would be
3.5 ft. The smallest industrially available
thickener is 4 ft (diameter). Solid/liquid
separation does not appear to be a problem.

7.3.3 X-ray Diffraction

The x-ray diffraction pattern for the product
from the Mineral Hill Mine 1,300" Portal
groundwater is presented in Figure 7-10. This
pattern shows that the product is primarily
calcium carbonate. The arsenic content is
—0.02%, therefore, the APHAP in the
demonstration product would not be expected to
be seen by x-ray diffraction.

7.4 Alumina Adsorption Results

Four tests were conducted treating ASARCO
thickener overflow water and one test treating
Mineral Hill Mine 1,300" Portal water.
Complete analytical results for the alumina
adsorption tests are presented in Appendix B.



7.4.1 ASARCO Pilot Analytical Results

7.4.1.1 Feed Water Arsenic and pH
During the demonstration using alumina
adsorption with microfiltration, it should be
noted that dissolved arsenic concentration
varied. Examples of this variation can be
observed in Figures 7-11, 7-12, and 7-13.
Consequently, none of the data in Appendix B
for the ASARCO tests was qualified in
MSE-HKM’s data validation report.

There was an inverse correlation between pH
and arsenic concentration. As pH decreased
from thickener overflow water, arsenic
concentration increased.

Dissolved arsenic in aqueous solution exists as
the arsenite and arsenate salts, which are
highly soluble over a wide pH range with the
exception of the calcium salt. The decrease in
arsenic solubility with increased pH was likely
due to adsorption of the arsenite and arsenate
anions onto suspended particles in the feed
water, and/or coprecipitation of these anions
with other species. The average pH of the
ASARCO feed water samples was 7, while the
average ZeeWeed process tank was 4. Since
lower pH is related to a higher dissolved
arsenic content, it is likely that there was
further dissolution of the arsenic when the feed
water entered the lower pH process tank. The
activated alumina was likely exposed to a
higher dissolved arsenic concentration than
feed water analysis would suggest, and pilot
data must be evaluated on the basis of final
permeate quality, rather than percent removal
basis.

7.4.1.2 ASARCO Feed Water Arsenic
Speciation

Results from the two arsenic speciations
performed on oxidized ASARCO water are
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shown in the Appendix B. Analysis of the first
sample taken shows no oxidation, while
analysis of the second sample shows complete
oxidation of arsenic from +3 to the +5 state.

7.4.1.3 Trial 1 Test 1

Dissolved arsenic and pH of the feed and
permeate are plotted in Figure 7-11. There
are two anomalous dissolved arsenic analyses
for the permeate. The dissolved arsenic
concentration for the permeate sample was
measured at 4.3 ppm. It was hypothesized that
the high arsenic level of this sample was due to
poor adsorption onto activated alumina since
the ZeeWeed was measured at 2 ppm for pH
4, the dissolved arsenic content of the
permanent sample should have been near this
level or lower because the process tank pH
was 7.6. However, the dissolved arsenic
content for the permeate sample was measured
at 3.16 ppm at a pH of 3.9. Since the dissolved
aluminum analysis for this permeate sample
was high, there was possible contamination of
the sampling equipment from the TSS sampling
event.

The average dissolved arsenic content of the
permeate was 1.42 ppm at an average pH of
4.1. The average dissolved arsenic measured
in the feed was 1.46 at an average pH of 4.7.

For permeate sample number PLA1-148A, the
dissolved arsenic analysis was 2.28 ppm, while
the total arsenic was 2.38 ppm. All samples
analyses for the alumina adsorption tests are
provided in Appendix B. These two values are
in close agreement (5% RPD), indicating that
only dissolved arsenic passes through the
ZeeWeed membrane.

7.4.1.4 Diafiltration 1la

Dissolved arsenic and pH of the feed and the
permeate from the Diafiltration Trial 1 Test 1
can be observed in Figure 7-12. The dissolved
arsenic analysis of 2.55 ppm at a pH of 8.9 for



sample number is high since the preceding
sample from the same feed tank has a
dissolved arsenic analysis of 0.4 ppm at a pH
of 8.3.

The average dissolved arsenic concentration in
the feed during the diafiltration was 0.09 ppm
at pH 12. The average permeate dissolved
arsenic concentration was 0.18 ppm at pH 12,
higher than the dissolved arsenic in the feed, as
expected during diafiltration. However, it
should be noted that the permeate dissolved
arsenic concentration was 0.219 ppm at the
start of diafiltration, whereas it was 2.3 ppm at
the end of the adsorption trial. The lower
concentration of dissolved arsenic in the
sample would seem to indicate that arsenic had
desorbed from the activated alumina during
recirculation at pH 12, and the dissolved
arsenic in the process tank had coprecipitated
with or adsorbed onto some other compound at
the high pH of diafiltration and therefore, had
not passed through the membrane during
diafiltration. Since the total arsenic
concentration in the ZeeWeed process tank
during diafiltration is not known, the amount of
arsenic desorbed at high pH cannot be
calculated.

7.4.1.5 Trial 2 Test 1

Dissolved arsenic and pH of the feed and
permeate from Trial 2 of Test 1 are plotted in
Figure 7-13.

During this trial, the dissolved arsenic content
of the permeate stream rose continuously,
while the pH was relatively constant at 3.9.
The amount of arsenic that exited in the
permeate during this trial was calculated at
40,800 mg. This value was checked against
the total amount of arsenic in the system.
Calculated on the basis of dissolved arsenic in
the feed, the amount of arsenic that had been
introduced to the system from the beginning of
the test to the end of Trial 2, Test 1 was only
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27,400 mg, which is less than the amount of
dissolved arsenic that exited the system. This
further supports the hypothesis that some of the
arsenic that was nonsoluble in the feed
dissolved in the low pH environment of the
ZeeWeed process tank.

Arsenic that was desorbed from the alumina
during preceding diafiltration coprecipitated
with, or was adsorbed onto another precipitate
at the high pH of diafiltration, and therefore,
could not exit in the permeate during
diafiltration. When the pH was dropped for
Trail 2 of Test 1, the coprecipitated/adsorbed
arsenic gradually redissolved but did not adsorb
onto the alumina. As the arsenic redissolved,
it passed through the ZeeWeed membrane and
exited in the permeate.

7.4.1.6 Diafiltration 1b

Dissolved arsenic concentration and pH of the
feed and the permeate from the diafiltration
can be observed in Figure 7-14. The average
dissolved arsenic concentration in the feed was
0.088 ppm at pH 11.8, and the average
dissolved arsenic concentration in the permeate
was 0.318 ppm at pH 12. The dissolved
arsenic was higher in the permeate than in the
feed during diafiltration. The dissolved arsenic
concentration in the permeate after
recirculation of the process tank at pH 12 was
lower than the dissolved arsenic concentration
in the permeate at the end of the preceding
adsorption step. The first permeate sample of
the diafiltration had a concentration of

0.315 ppm dissolved arsenic, while the last
permeate sample in the preceding adsorption
step had a dissolved arsenic concentration of
7.5 ppm. This suggests that the high pH of the
diafiltration step caused both the arsenic that
had adsorbed from the alumina and the arsenic
in the process tank volume to come out of
solution.

7.4.1.7 Test 2



Dissolved arsenic concentration and pH of the
feed and permeate from Test 2 is shown in
Figure 7-15. The dissolved arsenic in the first
Test 2 permeate sample was higher than the
dissolved arsenic in the permeate at the end of
the preceding diafiltration, and it increased in
the subsequent sample. This suggests that the
arsenic had precipitated out in the ZeeWeed
process tank at pH 12 during diafiltration,
redissolved, and passed through the membrane
at the lower pH of Test 2. The alumina
concentration was increased to 30 g/L.
Dissolved arsenic in the permeate was
approximately 270 ppb at an average pH of
3.9. A higher concentration of alumina was
successful in reducing the dissolved arsenic
concentration in the process tank from its
previous level.

The average sulfate concentration was

2,160 ppm in the feed and 1,730 ppm in the
permeate indicating that some of the sulfate
adsorbed onto the alumina. Consequently, the
capability of the alumina to adsorb arsenic was
reduced.

7.4.1.8 Test 3

Dissolved arsenic and pH of the feed and
permeate from Test 3 are plotted in Figure
7-16. Diafiltration was not performed
between Tests 2 and 3, and the purpose of
running Test 3 was to determine how the
membrane would perform at a high solids level
(60 g activated alumina per L). The
membrane performance was reported above in
the description of the data in Figure 7-16.

Throughout Test 3, the feed water dissolved
arsenic analysis fluctuated depending on the pH
of the feed water, increasing as the pH
increased.

The average dissolved arsenic concentration of
the permeate in Test 3 was 183 ppb at an
average pH of 4.2.

The average sulfate concentration was

2,330 ppm in the feed and 1,790 ppm in the
permeate. The arsenic adsorption capacity of
the alumina may have been reduced by
adsorption of sulfate.

7.4.1.9 Test 4

Dissolved arsenic and pH of the feed and
permeate can be observed in Figure 7-17. The
feed water for Test 4 was not treated with
KMnO, for oxidation of As(ll1) to As(V).

The average dissolved arsenic concentration in
the feed was 963 ppb at a pH of 10.3. The
average dissolved arsenic concentration in the
permeate was 334 ppb at a pH of 4.1.

The average sulfate concentration was

2,500 ppm in the feed and 1,940 ppm in the
permeate, and the capability of the alumina to
adsorb arsenic may have been reduced due to
the adsorption of sulfate.

7.4.2 Mineral Hill Mine Water

7.4.2.1 Pilot Analytical Results

Dissolved arsenic and pH of the feed and
permeate from the test on Mineral Hill Mine
Water can be seen in Figure 7-18. The
average dissolved arsenic concentration in the
feed was 446 ppb at a pH of 4.2. The arsenic
in the feed was completely dissolved (total and
dissolved analyses were within 5% RPD). The
average dissolved arsenic concentration in the
permeate was 21 ppb at a pH of 3.8.

The average sulfate concentration was 236
ppm in the feed and 162 ppm in the permeate.
The sulfate concentration in the Mineral Hill
Mine water was much lower than in the
ASARCO water, and the amount of sulfate
adsorbed per gram of alumina was lower in the
Mineral Hill Mine test.



7.4.2.2 Diafiltration

Dissolved arsenic and pH of the feed and
permeate is shown in Figure 7-19. The
dissolved arsenic concentration in the permeate
was higher during diafiltration than during the
preceding adsorption phase, indicating there
was some desorption of arsenic from the
activated alumina. The total amount of arsenic
introduced to the ZeeWeed process tank was
approximately 9,900 mg, based on the
dissolved arsenic analysis of the feed. The
total amount of arsenic that exited in the
permeate during diafiltration was
approximately 430 mg.

The dissolved arsenic in the permeate rose at
the beginning of the diafiltration and then
declined steadily although the feed water had a
higher arsenic concentration that the process
tank. The reason for the low initial
concentration is not known. One hypothesis for
the steady decrease is that there was
precipitation of other species at the high pH of
the process tank (pH 11.7) and arsenic which
had desorbed from the alumina subsequently
adsorbed onto these precipitated species.

7.5 Ferrihydrite Adsorption

7.5.1 ASARCO Analytical Results

For removal of arsenic in ASARCO thickener
overflow water, two separate parameters were
used. An iron to arsenic mole ratio of both 8
and 10 was used for ferrihydrite adsorption.
The removal of arsenic from thickener
overflow water is dependent on the amount of
iron inputted into the system. Ferrihydrite
adsorption technology was performed at the
East Helena site using their current existing
facility.
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7.5.1.1 Low Iron Demonstration

Using an iron to arsenic mole ratio of 8,
arsenic concentrations were lowered from
6.3 ppm to 100 ppb at pH of 7. Ferrihydrite
adsorption was effective for arsenic removal,
however, the established drinking water
standard of 50 ppb was never achieved at this
iron to arsenic mole ratio.

The analytical results can be observed in
Table 7-19.

7.5.1.2 High Iron Demonstration

Increasing the iron content was very effective
for removal of arsenic from ASARCO
thickener overflow water. Concentrations
were lowered from 6.3 ppm to less than 20
ppb. The input water composition and the final
effluent results are summarized in Table 7-20.

7.5.2 Mineral Hill Mine 1,300 Portal
Water

7.5.2.1 Analytical Results

For Mineral Hill Mine water, a pilot-scale
process was constructed for the ferrihydrite
adsorption technology.

The removal of arsenic using Mineral Hill
Mine water by ferrihydrite adsorption was
very effective. Results indicate arsenic
concentrations were lowered from 600 ppb to
less than drinking water standards of 50 ppb.
The arsenic to iron mole ratio used for this
demonstration was 10, which proved to be
sufficient. Results can be seen in Table 7-21.
Complete analytical results for the ferrihydrite
adsorption tests are provided in Appendix B.
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Figure 7-3. X-ray diffraction pattern for ASARCO scrubber blowdown water.
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Figure 7-4. X-ray diffraction patterns for HAP, AHAP, and APHAP.
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Figure 7-5. X-ray diffraction pattern for ASARCO scrubber blowdown water solid
product superimposed on APHAP (both containing approximately 2-3% arsenic)

Figure 7-6. Hydrated lime titration of ASARCO water treatment thickener overflow
water: pH as a function of added lime.
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Figure 7-7. X-ray diffraction pattern for ASARCO thickener overflow water solid
product superimposed on scrubber blowdown water solid product.
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Figure 7-8. Hydrated lime titration of Mineral Hill Mine 1,300 Portal groundwater:
arsenic removal as a function of added hydrated lime.
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Figure 7-9. Hydrated lime titration of Mineral Hill Mine 1300" Portal groundwater: pH as
a function of added hydrated lime.
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Figure 7-10. X-ray diffraction patterns for Mineral Hill Mine 1,300" Portal ASARCO
thickener overflow water solids.
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Figure 7-11. ASARCO-Trial 1 of Test 1 (activated alumina at 5 g/L). Dissolved
arsenic and pH.
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Figuore 7-12. ASARCO diafiliration alter Trial 1 of Test 1 (activated almmina at 5 g/1),
Trissnlerd arsenic,
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Figure 7-14. ASARCO diafiltration after Trial 2 of Test 1 (activated alumina at 5

g/L). Dissolved arsenic and pH.
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Figure 7-15. ASARCO Test 2 (activated alumina at 30 g/L). Dissolved arsenic and

pH.
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pH.
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Figure 7-17. ASARCO Test 4 (activated alumina at 20 g/L noKMnQ,). Dissolved
arsenic and pH.
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Figure 7-18. Mineral Hill Mine water (activated alumina at 20 g/L). Dissolved arsenic
and pH.

Figure 7-12. ASARCO diafiltration after Trial 1 of Test 1 (activated alumina at 5
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Figure 7-19. Diafiltration after Mineral Hill Mine water (activated alumina at 20 g/L).

Dissolved arsenic and pH.
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Table 7-1. Summary of Laboratory Test Results (P/As Mole Ratio=7)

Conditions
Average
Test Residence . .
Time/Vessel Solution pH General Initial
min.
Seed 3.4% into vessel-1.
Min. Hill Slurry feed rate 21 cc/min.
(Test BS 3) 38 124 Solution feed rate 5 cc/min. 454
P/As mole ratio 70002
Seed 1.6% into vessel-1.
Min. Hill Slurry feed rate 20.0 cc/min.
(Test BS 5) 39 124 Solution feed rate 10 cc/min. 468
P/As mole ratio 7.
Min. Hill V1, V2=33 12.4 Seed 0.5% into vessel-1.
(Test BS 7) V3=20 Slurry feed rate 20.7 cc/min. 455
Solution feed rate 4.8 cc/min.
P/As mole ratio 7.
Min. Hill 8-9 10 for 16 No seed, lime 0.76%.
(Test BS 8) cc/min lime Lime feed rate 16.0 cc/min for 503.7
slurry feed; first 2 hours, then 22 cc/min 506. 8’
12 for 22 for 2 hours. Solution feed rate ’
cc/min 20 cc/min. P/As mole ratio 7.
ASARCO No seed, lime 10.0%.
(Test BS 10) ) Lime feed rate 20.0 cc/min .
scrubber 8-10 12.4 Solution feed rate 40 cc/min. 2,188 ppm
blowdown P/As mole ratio 7.
ASARCO No seed, lime 1.0%.
(Test BS 4) Lime feed rate 19.7 cc/min.
scrubber 4 12.4 Solution feed rate 4.6 cc/min. 8,089 ppm
blowdown P/As mole ratio 7.

1. Analytical data presented in Appendix B.
2. Feed solution P/As ratio formulation error.

Hours

[

16

N

© N

14

V1

[As]

1.7
8.2
5.2

41.8
26.2
21.2

4.9

16.2

8.2

19.2

88.9
162.0

14.8
24.4
188.4

[As], ug/L
V2
Hours  [As]
1 2.0
4 1.7
8 3.2
14 2.2
1 29.3
4 12.9
8 4.8
15 3.5
4 26.2
2 4.9
4 7.8
4 129.4
114.2
9.2
8.3
14 26.7

Hours

V3
Final Composite
[As]

5.1 (14 hrs)
recovery=
98.9%

11.7 (16 hours)
recovery=
97.4%

18.5 (4 hours)
recovery=

10.1 95.9%

11.8

7.7

140.8 7.2 (4 hours)
recovery=
99.9996"%

3.0 (14 hours)
recovery=
99.999996*%



Table 7-2. Mineral-Like Precipitation Technology Applied to ASARCO Scrubber Blowdown Water: Final Effluent Concentrations

Sample! Sp? Time pH
(hours) As
MHA-128: Inlet 101 24 1.3 —~3.3 gpl
MHA-129:P/As=—5.5: Effluent 106 24 12.1 7-9% ug/L
MHA-112A: Inlet 101 3 1.1 —3.3 gpl
MHA-113:P/As=—11.9: 106 3 124 6-9¢ g/L

Effluent

1. P/As in the water entering the treatment system.

2. SP=sampling port: 101 inlet sampling port, 106 effluent sampling port.
3. Range for all 27-hour samples.

4. Range for all 3-hour samples.

Table 7-3. Mineral-Like Precipitation Technology Applied to ASARCO Scrubber Blowdown Water: Summary of Solution Conditions

Ca
195
776
203

754

Cd
215
20
230

10

Concentration (mg/L)

Cu
1.3
NA
1.3

<<0.26

Fe
35.6

0.07
39.2

0.07

T°C
33.0
33.0
34.0
34.0
33.0
32.0

36.0
36.0

Time SP 101 SP 102 _SP 103 _SP 104
(hours) Feed Water Phosphate Added Lime Tank Residence Tank
pH EymVvV T°C pH Ey, mV T°C pH Ey, mV T°C pH En,mV
1 1.5 26.0 1.2 590 12.2 12.2
2 1.5 26.0 1.2 580 12.2 -95
4 1.4 26.0 1.1 625 28.0 11.5 35.0 11.6
8 1.5 28.0 1.1 610 28.0 11.5 35.0 11.8 -95
12 1.5 630 24.0 1.2 625 11.4 11.4 -65
24 1.3 26.0 1.0 615 11.8 -75
RAISED PHOSPHATE
1 1.1 29.0 1.0 37.5 10.8 -55 37.0 -55
2 1.0 29.0 12.2 -55 37.0 -70
3 0.9 605  28.5 12.3 -65 37.0 12.3 -55

Demonstration Test Conditions:
Water feed rate was 3.6-4.0 liters/min.

37.0

Mn

1,786

0.10

1,884

0.10

SP 105

p
48
9
389

7.7

Residence Tank
pH EymV T°C

11.6

-55

36.0

Phosphate feed rate was 70-75 cc/min (of 85% H4PO,) for treatment of 1665 gal scrubber blowdown water (SBW) (i.e., 27-hour test).
Phosphate feed rate was 150 cc/min (of 85% H,PO,) for treatment of 405 gal SBW (i.e., 3-hour test).
P/As mole ratio in the initial solution phase was nominally —5.5 (varied between 5.0-6.0) for the 27-hour test.

P/As mole ratio in the initial solution phase was nominally —11.9 (varied between 11.5-12.5) for the 3-hour test.

Lime addition rate was 2.4 L/min. of a 10 % lime slurry for the 27-hour test.
Lime addition rate was 4.0 L/min. of a 10 % lime slurry for the 3-hour test.

Pb Zn

4.1 69.3

0.02 11.4

8.0 73.9
<0.02 0.0

SP 106

Settler Discharge

pH E,mV T°C
124 95 31.0
12.4 -70



Table 7-4. Total Metals Concentration and TCLP Results for Product Solids from the Treatment of Scrubber Blowdown Water:

Sample Description As Ba Ca Cd Cr
Concentration [mg/kg (ppm)]
MHA-121 Total Metals 41,300 2.56 384,000 - 15.9
Concentration [mg/L (ppm)]
MHA-121 TCLP 0.90 0.076 - 0.030 0.13
Reference Maximum element 5 100 - 1 5

concentration

Percent solids in the sample supplied to MSE-HKM for TCLP test: 35.6+1.2%.
All TCLP tests were conducted by MSE-HKM in accordance with EPA ICP protocol.

Table 7-5. Total Metals Concentration and TCLP Results for Product Solids from the Treatment of Scrubber Blowdown Water:

Sample Description As Ba Ca Cd Cr
Concentration (mg/kg)
MHA-138 Total metals 21,300 1.59 307,000 - 7.4
Concentration (mg/L)
MHA-138 TCLP 82.1 0.068 - 0.127 0.065
MHA-138 TCLP 87.5 0.210 - 0.147 0.062
Reference Maximum element 5 100 - 1 5

concentration

Percent solids in the sample supplied to MSE-HKM for TCLP test: 30.440.4%.

Pb

273

<<0.03

Pb

110

<<0.03

<<0.03

5

Hg

0.40

0.2

Hg

0.37

0.49

0.2

P/As Mole Ratio—5.5
Se Ag

321 <1.69

0.30 <<0.003

P/As Mole Ratio —11.9
Se Ag

179 <17

0.24 <<0.003

0.20 <<0.003

Composition of the solids: 2.7% As, 5.7% P, 23.0% Ca, 1.0% Mn, 0.09% Cd, 0.05% Zn, 0.01% Pb (Determined by fluorescence analysis by Ashe Analytics,

Inc.)
All TCLP tests were conducted by MSE-HKM in accordance with EPA ICP protocol.

Table 7-6. Summary of Experimental Results for Long-Term Air Sparging of Ambient Temperature Precipitated Mineral-Like Products, ASARCO

Scrubber Blowdown Water: Time=0



Sample

MHA-121-1
MHA-121-2
MHA-121-3
MHA-139-1
MHA-139-2

MHA-139-3

Technology Used*

MLP,
MLP,
MLP,
MLP,
MLP,

MLP,

pH
P/As=5.5 12.5
P/As=5.5 12.6
P/As=5.5 12.7

P/As=11.9 12.4
P/As=11.9 12.4

P/As=11.9 12.4

Al
<20
<20
<20

20

30

<20

As

4

3

Cd
<5
<5
<5
<5
<5

<5

Elemental Concentration, pg/L

Cu Pb
3 40
5 40
2 50
5 <30
2 <30
3 <30

Mn

<4

<4

4

<4

<4

<4

Hg
459
436
471
295
283

265

P
2,310
2,250
2,460
2,200
2,720

1,190

Ag
4
<3
<3
5
4

<3

Zn
37
41
44
<13
<13

<13

1. MLP=mineral-like precipitation. P/As mole ratio in the initial solution phase was nominally —5.5 (varied between 5.0-6.0) for the 27-hour test; P/As mole
ratio in the initial solution phase was nominally —11.9 (varied between 11.5-12.5) for the 3-hour test. The solids placed under long-term aging were formed from
the waters containing the different P/As ratios.

Table 7-7. Mineral-Like Precipitation Technology Applied to ASARCO Thickener Overflow Water: Summary of Arsenic Removal

Time (hours)

16
16
16
16
16

Treated gallons!

285

705

705
1,185
1,185
1,185
1,185
1,185

Average residence time, minutes

12

285
945

SP 101

Feed Water

85
220

235

RAISED PHOSPHATE

200
140

SP 102

Phosphate Added

320

100

540
420

[As], pg/L

SP 103
Lime Tank

250
28

66

See Table 7-13?

SP 104

Residence
Tank

84
7

66

SP 105

Residence
Tank

93
17

66

SP 106
Settler

Discharge

210
2
11
6

8

8
15
7
390

49



Time (hours)

12
20
20
20
20
20
20

Average residence time, minutes
1. Time zero taken to be after one volume displacement of water added, i.e., all tanks full; 225 gallons.

Demonstration Test Conditions:
Water feed rate was 3.6-4.0 liters/min.

Total P in the inlet water was —5.8 mg/L

Sample!

MLA-209A: Inlet

[As], pg/L

Treated gallons® SP 101 SP 102 SP 103 SP' 104 SP_ 105 SP 106
Feed Water Phosphate Added  Lime Tank Re_srlsrelzﬂce Re1s_|:re]3|r(1ce Diiﬁﬁ;e
945 347 4
1,425 380 540 4 13
1,425 570 4 4
1,425 4 3
1,425 4 3
1,425 12
1,425 12
65 65 65 380
2. The required residence time for removal of arsenic from solution is less than 15 minutes, see Table 7-13.
Phosphate feed rate was 200 cc/min (of 300 cc H,PO,/80 gallons deionized water) for treatment of first 1,185 gallons of wastewater.
Phosphate feed rate was 130 cc/min (of 3 liters H,PO,/80 gallons deionized water) for treatment of 1,425 gallons of wastewater.
Total P/As mole ratio was 10 (ratio in solution phase was —34) for first 1,185 gallons of wastewater.
Total P/As mole ratio was 100 (ratio in solution phase was —615) for last 1,425 gallons of wastewater.
Lime addition rate was 365 cc/min of a 1% lime slurry for treatment of 2,600 gallons of wastewater.
Table 7-8. Mineral-Like Precipitation Technology Applied to ASARCO Thickener Overflow Water: Final Effluent Concentrations
SP? Time pH Concentration, pg/L
(hours) As Ca Cd Cu Fe Mn P Pb Zn
101 20 11.5 —5.8 mg/L® 732 mg/L 20 10 30 20 25mg/lL <20 <9
106 20 12.1 3-13* 813 mg/L <4 10 50 10 4mg/lL <20 <9

MLA-210: P/As=100: Effluent
1. P/As in the water entering the treatment system.
2. SP=sampling port: 101 inlet sampling port, 106 effluent sampling port.
3. Total arsenic=5.9 mg/L; Dissolved arsenic=0.26 mg/L.

4. Range for all the 20 hr samples.

Table 7-9. Mineral-Like Precipitation Technology Applied to ASARCO Thickener Overflow Water: Summary of Solution Conditions

SP 103
Lime Tank

SP 101
Time Feed Water
(hours)
pH E,, mV
11.6 -55
11.6 -60
12.5 10

T°C

24.5
24.5
24.0

SP 102

Phosphate Added

pH

10.5
10.2
10.2

E,, mV
-5
-5
15

T°C

pH  Ey,mv  TC

12.4
12.4
12.3

pH

SP 104

Residence Tank

E,, mV

-85
-75
-60

T°C

24.0
24.0
23.5

SP 105

Residence Tank

pH

En,
mV

T°C

SP 106
Settler Discharge

pH EymV TC




Time
(hours)

20

pH

11.5
11.6
11.4

9.0
111
11.3
11.1

9.8
111
11.0

SP 101
Feed Water

Ep, mV

20
-5

-10
-10
-10
40

(10)

T°C
23.0

24.0

25.0
24.5
25.0
23.0
23.0
25.0
24.5

SP 102

Phosphate Added

pH

10.3
10.5
10.4

5.5
5.4
5.5
5.5
5.5
5.5

Epn, mV

65
20
70

130.0
115.0
140.0
165.0
175.0
130.0

Solids in settler bottom at end of the second test was 6.2%

Demonstration Test Conditions:
Water feed rate was 3.6-4.0 liters/min.
Phosphate feed rate was 200 cc/min (of 300 cc H3;PO,/80 gallons deionized water) for the first 16-hour test.
Phosphate feed rate was 130 cc/min (of 3 liters H;PO,/80 gallons deionized water) for the 20-hour test.
Total P in the inlet water was —5.8 mg/L
Total P/As mole ratio was —10 (ratio in solution phase was —34) for the first 16-hour test.
Total P/As mole ratio was —100 (ratio in solution phase was —615) for the 20-hour test.
Lime addition rate was 365 cc/min. of a 1% lime slurry for both the 16 and 20-hour tests.

T°C

SP 103 SP 104
Lime Tank Residence Tank
pH Eqy, mV  T°C pH Eymv  T°C
12.5 12.5 -20 23.0
12.5 -50 21.0
11.0 20 22.0
RAISED PHOSPHATE

11.8 -45 11.8 -60

11.8 -40 11.8 -50 25.0
11.8 -45 11.8 -55 24.5
11.9 -40 11.9 -45 23.0
11.8 35 23.0
11.8 11.8 -30 24.0
11.7 -95 11.7 -90 24.5

Table 7-10. Total Metals Concentration and TCLP Results for Product Solids from the Treatment of ASARCO Thickener Overflow Water

Sample

MLA-218

MLA-218

Reference

Description

Total metals

TCLP

Maximum element
concentration

As Ba Ca Cd Cr
Concentration (mg/kg)
370 16.8 343,000 - <5.7
Concentration (mg/L)
3.87 0.100 - <0.005  0.019
5 100 - 1 5

SP 105 SP 106
Residence Tank Settler Discharge
EH‘ 0 of
pH mv T°C pH EymVv T°C
11.5 10 22.0
12.4
12.2 22.0
11.8 -20 24.0
11.7 -70 245
Pb Hg Se Ag
58.9 - 384 <1.91
<0.03 0.008 0.49  <0.006
5 0.2 1 5




Sample Description As Ba Ca Cd Cr Pb Hg Se Ag

Percent solids in the sample supplied to MSE-HKM: 29.3+0.6%.
Composition of the solids: 0.033% As, 5.4% P, 23.0% Ca (Determined by fluorescence analysis by ASHE Analytics)
All TCLP tests were conducted by MSE-HKM in accordance with EPA ICP protocol.

Table 7-11. Summary of Experimental Results for Long-Term Air Sparging of Ambient Temperature Precipitated Mineral-Like Products, ASARCO
Thickener Overflow Water: Time=0

Elemental Concentration, pg/L

Sample Technology Used pH
Al As Cd Cu Pb Mn Hg P Ag Zn
MHA-217-1 Mineral-like precipitation 10.5 <20 4 <5 6 <30 <4 <0.1 1,660 <3 <13
MHA-217-2 Mineral-like precipitation 10.6 <20 7 <5 5 <30 <4 <0.1 1,600 <3 <13
MHA-217-3 Mineral-like precipitation 10.6 <20 4 <5 4 <30 <4 <0.1 1,560 <3 <13

52



Table 7-12. Mineral-Like Precipitation Technology Applied to Mineral Hill Mine 1,300" Portal Groundwater:
Summary of Arsenic Removal

[As], pg/L
SP 101 SP 102 SP 103 SP 104 SP 105 SP 106
Treated Phosphate Residence Residence
Time, hrs gallons? Feed Water Added Lime Tank Tank Tank Settler Discharge
1 285 470 470 5 6 6
1 285 6
12 285 443 485 27 8
8 705 470 8 5
8 705 <1
8 705 3
8 705 8
16 1,185 450 480 4 22
RAISED PHOSPHATE
24 1,665 470 440 7 4 3 4
242 1,665 448 411 318,319 <4 <4
32 2,145 460 4
322 2,145 432 <4
LOWERED LIME TO 0.5 g/L
40 2,625 460 6 4
40 2,625 460 <1
402 2,625 398 411 <4 <4 <4
48 3,105 460 5
48 3,105 420 460 11 6
48 3,105 460 7 7
482 3,105 445 417,466 18 11 9
56 3,585 490 7 6
64 4,065 480 6
642 4,065 426 11
LOWERED LIME TO 0.25 g/L
68 4,305 450 440 9 25
68 4,305 4
68 4,305 7
68 4,305 4
682 4,305 451 429495 10 53
76 4,785 480 8 4
762 4,785 453,506 10 8
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Table 7-12. Mineral-Like Precipitation Technology Applied to Mineral Hill Mine 1,300" Portal Groundwater:
Summary of Arsenic Removal

[As], pg/L
SP 101 SP 102 SP 103 SP 104 SP 105 SP 106
Treated Phosphate Residence Residence
Time, hrs gallons? Feed Water Added Lime Tank Tank Tank Settler Discharge
84 5,100 490 450 13 2
84 5,100 <1
84 5,100 2
842 5,100 438436 13 4
Average residence time, minutes 65 65 65 380
1. Time zero taken to be after one volume displacement of water added, i.e., all tanks full; 225 gallons.
2. Analyses performed at Montana Tech

Demonstration Test Conditions:

Water feedrate was 3.6-3.8 liters/min.

Phosphate feed rate was 70 cc/min (of 1 cc H,PO,/gallon deionized water) for treatment of first 1,185 gallons of

wastewater.

Phosphate feed rate was 70 cc/min (of 2 cc H,PO,/gallon deionized water) for treatment of 3,915 gallons of

wastewater.

Total P/As mole ratio was approximately 10.6-12.9 for first 1,185 gallons of wastewater.

Total P/As mole ratio was approximately 21.2-36.4 for last 3,915 gallons of wastewater.

Lime addition rate (1 g/L)was 360-380 cc/minute of a 1% lime slurry for treatment of 2,145 gallons of wastewater.
Lime addition rate (0.5 g/L) was 180-190 cc/minute of a 1% lime slurry for treatment of 1,920 gallons of wastewater.
Lime addition rate (0.25 g/L) was 90-100 cc/minute of a 1% lime slurry for treatment of 795 gallons of wastewater

Table 7-13. Mineral-Like Precipitation Technology Applied to Mineral Hill Mine 1,300" Portal Groundwater
Final Effluent Concentrations

Samplet SP2 Time, pH Concentration, pg/L

Hrs As ca cd Cu Fe  Mn P Pb Zn
MLM-328: 101 48 8.2 420 125 10 10 <24 20 <30 <20 10
Inlet mg/L
MLM-329: 314
P/As=10- 106 48 12.0 6-7° mg/L <39 <24 40 10 500 <20 10
20:Effluent
MLM-344: 101 68 7.6 450 119 <4 <DL <24 NA 380 <20 40
Inlet mg/L
MLM-346: 215
P/As=20: 106 68 12.0 4-7¢ mg/L 40 <26 <242 NA <310 <<206 <88
Effluent

1
2.
3.
4

P/As in the water entering the treatment system.

SP=sampling port: 101 inlet sampling port, 106 effluent sampling port.
Range for all 48 hour samples.

Range for all 68 hour samples.



Table 7-14. Mineral-Like Precipitation Technology Applied to Mineral Hill Mine 1,300" Portal Groundwater:

Summary of Solution Conditions

SP 101 SP 102 SP 103 SP 104
Time Feed Water Phosphate Added Lime Tank Residence Tank
() o BeMoTc pH o PvoTC pH DY TC pH T T
1 8.2 18.0 8.0 230 18.0 12.6 25 18.0
2 8.2 175 7.8 30 12.7 -35  18.0
4 8.2 16.5 7.7 115 12.8 -15  18.0
8 8.2 17.0 7.7 110 12.5 -10  17.0
12 8.2 15.0 7.8 200 12.5 -50
16 7.6 17.0 12.4 60 25 16.0
RAISED PHOSPHATE (See note)
24 7.3 18.0 12.4 40 25 18.0
32 8.2 15.0 7.4 175.0 12.4 12.2 25 15.0
LOWERED LIME TO 0.5 g/L
40 7.5 15.0 12.0 35 25 14.8
48 7.4 17.0 111291 3545 12.2 2535 16.0
56 8.2 15.5 7.5 330.0 12.0 15.5
64 7.4 16.5 12.1 80 55 155
LOWERED LIME TO 0.25 g/L
69 7.4 11.5 11.8
72 8.1 18 185 7.2 220.0 11.3 11.4 120 18.5
82 8.1 7.2 11.2 11.1
84 8.1 17.0 7.6 250.0 11.1 150 16.5

Demonstration Test Conditions:
Water feedrate was 3.6-3.8 liters/min.

Residence Tank

pH

12.4

12.3

11.9
11.6
11.1

SP 105

Ey,m
\Y%

25

25

T°C pH

16

11.9
11.7

Phosphate feed rate was 70 cc/min (of 1 cc HyPO,/gallon deionized water) for the first 16 hours of the test.
Phosphate feed rate was 70 cc/min (of 2 cc H;PO,/gallon deionized water) for the reminder of the test.
Total P/As mole ratio was approximately 10.6-12.9 for first 16 hours of the test.
Total P/As mole ratio was approximately 21.2-36.4 for the reminder of the test.
Lime addition rate (1 g/L) was 360-380 cc/minute of a 1% lime slurry for the first 32 hours of the test.
Lime addition rate (0.5 g/L) was 180-190 cc/minute of a 1% lime slurry for the second 32 hours of the test.
Lime addition rate (0.25 g/L) was 90-100 cc/minute of a 1% lime slurry for the reminder of the test.

Table 7-15. Arsenic Concentration as a Function of P/As Mole Ratio

Sample Designation

MLMMT-83
MLMMT-84
MLMMT-85
MLMMT-86
MLMMT-87

Hydrated lime concentration was constant in each test at 0.5 g/L
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Time, min [As]. o/l
P/As=10 P/As=20
0 562 553
29 9
15 12 12
30 11 12
60 24 10

P/As=200

546

SP 106

Ey,m
\Y%

Settler Discharge

T°C



Table 7-16. Arsenic Concentration as a Function of Hydrated Lime Content

[As], po/L

Sample Designation ~ Time, min

Ca(OH),=0.1 g/L Ca(OH),=0.5 g/L Ca(OH),=1.0 g/L
MLMMT-83 0 504 472 441, 502, 508
MLMMT-84 5 372 6 6
MLMMT-85 15 400 5 7
MLMMT-86 30 364 6 12
MLMMT-87 60 379 5,10, 2 17

The P/As mole ratio was constant in each test at 10.

Table 7-17. Total Metals Concentration and TCLP Results for Product Solids from the Treatment of Mineral Hill
Mine 1,300" Portal Groundwater

Sample Description As Ba Ca Cd Cr Pb Hg Se Ag
Concentration, mg/kg
MLM-354A Total Metals 728 18.5 273,000 - 1.7 16.4 - <15.8 <1.2
Concentration, mg/liter
MLM-354A TCLP 0.15 0.06 - <0.005 0.03 <<0.03 <0.0001 =<0.05 =<=0.003
Max
Reference Element 5 100 - 1 5 5 0.2 1 5
Conc.

Composition of the solids: 0.075% As, 0.6% P, 15.5% Ca (Determined by fluorescence analysis by Ashe Analytics, Inc.)
All TCLP tests were conducted by MSE-HKM in accordance with EPA ICP protocol.

Table 7-18. Summary of Experimental Results for Long-Term Air Sparging of Ambient Temperature
Precipitated Mineral-Like Products, ASARCO Thickener Overflow Water: Time=0

Technology oH Elemental Concentration, pg/L

Used Al As Cd Cu Pb Mn  Hg P Ag  Zn
MLM-354-1 Mineral-Like 12.2 5 4 <5 21 <30 <4 0.3 30 <3 <13
Precipitation

Sample

MLM-354-2 Mineral-Like 12.1 7 7 <5 17 <30 <4 <0.1 <30 <3 <13
Precipitation

MLM-354-2 Mineral-Like 12.2 2 4 <5 18 <30 <4 <0.1 40 <3 <13
Precipitation

ILM-136A-1  Ferrihydrite 9.1 40 230 <5 16 40 <4 <0.1 50 <3 <13
Adsorption

ILM-136A-1  Ferrihydrite 9.1 20 230 <5 16 <30 <4 0.1 40 <3 <13
Adsorption

ILM-136A-1  Ferrihydrite 9.2 20 230 <5 14 <30 <4 <01 40 <3 <13
Adsorption
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Table 7-19. Analytical Results for ASARCO Thickener
Overflow Water Demonstration Using Low Iron Ratio

Time (Minutes) Arsenic Concentration (Fg/L)

0 6,300

5 100

12 200
40 100
60 100
240 300
360 600
480 500
600 200
960 400
1,440 300

Table 7-20. Analytical Results for ASARCO Thickener
Overflow Water Demonstration Using High Iron Ratio

Time (Minutes) Arsenic Concentration (Fg/L)

0 6,300

5 10

12 5
40 20
60 46
240 340
360 260
480 210
600 150
960 140
1,440 201
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Table 7-21. Analytical Results from Mineral Hill Mine Using
Ferrihydrite Adsorption

Time (Minutes) Arsenic Concentration (Fg/L)
0 600
1,100 40
1,590 55
1,860 52
2,550 46
3,030 73
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8. Economic Analysis

One objective of this study was to perform a
first order cost estimate for each of the
treatment flow sheets. A “first order” cost
estimate was performed using the flow sheet
presented in Figures 3-1 through 3-4. The cost
estimate presented here is not a detailed
engineering cost analysis. It is a first order cost
estimate that should be within &= 30%.

Definitions and cost estimation factors are
taken primarily from “Mineral Processing
Equipment Cost and Preliminary Capital Cost
Estimation” (Ref. 12). Itemized equipment
lists were used where possible and literature
guoted cost figures were used where available.
All costs were updated to the third quarter 1997
using the Marshall and Swift (M&S) Index
value of 1059.6 (Ref. 13).

Major cost items have been included. The
factored capital cost (FCC) totals include
minor equipment, instrumentation, processing
piping, auxiliary engineering, and plant size
factors. An example is presented in Table 8-1.

Capital costs (using Table 8-1) and operating
costs were estimated. Equipment costs were
based on cost equations of the form:

Cost,,, = a(capacity)’(M&S,,/M&S,..)

Where, a and b are constants for a
particular piece of equipment (taken from
Ref. 12).

Assumptions made for the cost estimate are
presented in Table 8-2.

8.1 Factored Capital Cost
An equipment list was prepared for each unit
operation, and the FCC cost was estimated as
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described above. The FCC was determined by
using the factors as presented in Table 8-1
(selected factors for this study are highlighted).

8.2 Operating Cost

Annual operating cost estimates were
established based on reagent consumption,
manpower requirements, maintenance and
power consumption. Reagent consumption was
based on calculated mass flow. Reagent costs
were taken from the Chemical Market
Reporter (Ref. 14). Manpower requirements,
maintenance, and power consumption were
estimated using the following factors (i.e.,
manpower 25% FCC, maintenance 5% FCC,
and power 4% FCC).

8.3 Net Present Value
The net present value (NPV) was determined
by the relationship:

NPV=FCC + USPW Operating Cost,
where USPW=Uniform Series Present
Worth

USPW=[(1+D)"-1/1(1+1)"
I=interest rate, n=number of years

Assumptions: Cost Estimate Assumptions are
presented in Table 8-2.

8.4 Results

The three different technologies, mineral-like
precipitation, alumina adsorption with
microfiltration, and ferrihydrite adsorption
were economically evaluated for a system
which contained 0.5 ppb arsenic at a flow rate
of 300 gallons per minute. The comparative
results can be seen in Table 8-3.



Table 8-1. Factored Capital Cost Estimate Form
Item
1. Purchased equipment costs
2. Installed equipment costs
Item 1 multiplied by 1.43
3. Process piping
Type plant: Percent of Item 2:
Solid 7%-10%
Solid-Fluid 10%-30%
Fluid 30%-60%
4. Instrumentation
Amount of automatic control: Percent of Item 2:
None 2%-5%
Some 5%-10%
Extensive 10%-15%
5. Buildings and site development
Type plant: Percent of Item 2:
Outdoor 5%-20%
Outdoor-Indoor 20%-60%
Indoor 60%-100%
6. Auxiliaries (e.g., electric power)
Extent: Percent of Item 2:
Existing 0%
Minor additions 0%-5%
Major additions 5%-25%
New facilities 25%-100%
7. Outside lines
Average length: Percent of Item 2:
Short 0%-5%
Intermediate 5%-15%
Long 15%-25%
8. Total physical plant costs: Sum of Items 2+3+4+5+6+7
9. Engineering and construction
Complexity: Percent of Item 8:
Simple 20%-35%
Difficult 35%-60%
10. Contingencies
Type process: Percent of Item 8:
Firm 20%
Subject to change 20%-30%
Speculative 30%-50%
Average 30%
11. Size factor
Size plant: Percent of Item 8:
Large commercial 0%-5%
Small commercial 5%-15%
Pilot plant 15%-35%

12. Factored Capital Costs (FCC): Sum of Items 8+9+10+11
Note: Percentages selected for this study are highlighted.

Table 8-2. Cost Estimate Assumptions
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Item

Site

Permitting

Flow

Solution

Cost

Assumptions

Treatment will be conducted at a currently operating facility. Major buildings (containing
sufficient space for the treatment process) are available. Analytical capabilities exit.
Tailings ponding facilities are in place.

Regulatory permits are in place.

Mineral Hill Mine water a: 300 gal/min, 330 days/yr, containing 0.5 ppb arsenic.

P/As mole ratio =10

Interest rate=10%
Life of system=10 years
NPV=FCC + USPW Operating Cost
Operating Cost factors:
Reagents determined from mass flow.
Manpower=25% FCC
Maintenance=5% FCC
Power=4% FCC
Not considered: depreciation, leases, salvage, tax

FCC: Factored Capital Cost
NPV: Net Present Value
USPW: Uniform Series Present Worth

Table 8-3. Economic Evaluation for Selected Technologies Treating Groundwater with 0.5
ppb Arsenic at 300 gal/min

Capital

Operations and

Mineral-Like Alumina Adsorption Ferrihydrite
Precipitation Adsorption

$250,000=+$75,000 $396,000+$118,800  $250,000= 75,000

$41,080 $130,700 $78,904

Maintenance per Year

Operations and
Maintenance per

$0.30 +/- 0.09 $0.70 +/- 0.30 $0.55 +/- 0.16

1,000 gallons treated
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1. ARSENIC REMOVAL PROJECT DEMONSTRATION SAMPLING,
ANALYTICAL, AND CALIBRATION PROCEDURES

1.1 SITE SELECTION AND SAMPLING PROCEDURES

Two demonsiration sites have been chosen for this project: the ASARCO Lzad Smelter in East Helena,
Montana and the Wineral Hill Mine locaed near Gardiner, WMontzna. Several sampling Incations have
also been identified at different points in the trestment traing for the three technologies being
demonstrated. Selection of the correct sampling sites is necessary to ensure that the project objectives
arc mot. Sampling sitcs must be sclected to meet the following gencral criteria:

- chance of external contamingtion should be minimized;

- location shanld be -epresentative of the entire waste simeam;

- location thould be as close as posgibe o the treatment process o the component in the
trzatment train being monitored to prevent further chemical changes from occurring in the
waste strearm; axd

- sanpling sites should be clhiosen so tat the effect of each component in the teatment tain can

be analvzed.

1.2 SAMPLING PROCEDURES AT THE DEMONSTRATION SITE

Sampling preservative, comainers. method tvpes and references are summarized in Table A-1. The
appraximate sampling locations for the fizld demonstrations are shown in Fipurzs A-1, A-2, &nd A-5.
The sampling locations shall not change unless zuthorized ay the Proect Manager, with appropriate
docurrentation that justifies the change. Tables A-1, A-5, A-6, A-7, A-8, A-9, and A-10 show
sampling frequency, by positicn and samale type.
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1.2.1 Sampling Procedures

All solid and aquzous samples obtained during the demonstration will conform to the zppropriate MSE
Standard Operating Procedures (SOP) liswed below (Tabie A-2) and ound in Apperdia C of the QAPP.
All sample containers for critical measurements will be high-density polyethylen: (HDPE) bottles.
These bottles will only be used once (unless otherwise indicared) to prevent cross contamination of

samples

Figure A-3. Minerallike precipitation process flow diagram.




All procedurea outlined in the SOP's shall be followed during sampling activitics. Eacl aqucous sample
will bz taken as a single grab sample, Solid samples will be taken from homopenized solid matenial
generated a7 ASARLI) and the Mineral Hill Mine during each filter press ope-ation

Aqueous sanples will be obtained at several locations in the processss depicted in Fipuies A-1, A-Z, ad
A-3. The sampling tap a: the sampling location will be flushed (allowed to low brizfly) before the

samples are collected. Tap sampling procedurzs specified in EPA Methoc SO0 Samplinge and Analveis
Methods for Hazardous Waste Combustion, will be inllowed. Sample containars will he triple rirsed with
small aliquots of samplz, and then the sampling container will then be filled from the center of Jow.

Table A-I. Preservatives, holding tunes, contmners, method types and references.

: Parameter Matrix Preservative | Holding Time Sugg;:;nﬁ " ]'_I;}t;:d N Reference
Argznic Specition Aquanis #AEC, Filter, [ Analyze 230.m. HDPE | Ion Ficklin Ton Exchange and
pHAZ HO imnediaely Endiangz, Apocidia
Furnace A4
“lror Speciatian ARArLS #4EC, Dilter, | Analyze 2H-mI MIDPE | Colsrmmetric | Standard Methiods 3500~
pHF: HC) imnadiaely Fe L}, Appeindis L
TEE Adpusous #4cC 7 days Sy mL HDPE | Gravimelrie | EPA Methad 160.2
Sulfare AueDs #4°C =i davs SM-mL HOPE | Colsrimetric | EPA Methad 375.2
pH Aquenis Mone Analyze 2MEl-mL HDPE] pH mece: EPA (5W-345) Mathod
Iminediately A o0
Eu Agueone Tl Analvre 10eml HDPE | Bo meter Equip. Manufactu-er
il ely ik el i
Flowrare NP A Mane Anmalyze M A Kl meter Mamfacmer’s
immediaely Insiruckions
Total Aezoverable Aquers #4EC. pH#2 | 6 morths 300-mL HDPE | ICP EP4 3W-846 Preparation
Mewals {Al, Aa, Od, HHOs Mechod 3005107
o, Fe, P, F, Znby Maothod SOLU
ICF)
Drigsalven] Metals (As | Aqueins S4B, Filler, | 6 movds S0-m_ HDOPE | Furmace Ad | EPA 3W-844
hy AAY pH#2 HNO- Preparation’ A A Mehad
e
Dissalved Metals ‘Al | Aquoedas #4EC, Zilter, | 6 morths SMd-ml HDOPE | ICP EPA 3W-8Bd4 Preparation
As, O, Cu, Fe, Pa, pH# HMOD- Methad 2008 T0P
B, Zn by ICE) b | Tethad G010
Total Metas (Al As, | Solid Nome 6 morths 8oz CWM ICP EP4 SW-846 Preparation
EBa, Cd, Cr, Cu, Fe, Mehod 3030°TCF iets
B. Ph, Se, 4g, Fn, Ca G010
by ICF)
Xeray Diffraction Salid H4EL & morths 20-mL HOOPE | X-rav Aprendix B
Diffraction
.‘ilﬂmll,}' 'L ESL% Sahd MNone & morihi 2 £ 16 0z Moafana ﬂp_‘ltl'l.{]l'i I+
W Tech
Piucadue
T Snlids Salid Mone 6 months Taken from Devinaf CLP 30W 3,90 Exhibic
solid sample Wepghing D, Pare I’ and Apperdix ©
TCLP Metls Solid Mone T davs o ext. | At lease W00 g | ICP EPA SW-E4¢ Extraction
40 dava aficr | 16 oz CWH Tethad 1311 Tcparation

WMethad 3005 I0F
Method GOLG

' [ gesrion method will be mocified o result in a digestare concemcraion of 1% nimic acid, rather 1A 2% nimie aclc.

* Matrix moditier for arsenic will be added ar mstrumen, so the digestion procedure will be nodified bar brinz the sanple hack to
the original volum: of [0 mL following digestien.
# J‘..IIEESI]D]:I method will be moditied by the addition of [U=20 mL A Hads.
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Tabie A-2, Summary SOPs.

SOP Nusnber Hubye
-1 Field 1 nghook Fhntseraphs
C-2 Sample Packepicg & Shipning
i -3 Fiell t’ll.‘lﬁl‘y’ Crntrnl Samples
C-4 Sample Cusoody

Sludge samples will be abained from Filter Cake Locations 1. 2, and 3 following the precipitation and
the separation froin e reated effluent,  Solid samples will be oblained Crom Gller cekes that remain
after the sludge has been dewatered by high pressure filtration. Solid samples from each filtered batch
will be collzcied for TCLP, total metals, »ercent solids, and stability esting. Each solid or liguid
sample that is collected will be given a unique sample [D that will distingzuish it from all of the other
samples zollected for the project. Keter to sechion 4,5 tor a discussion of sample Jabeling and sample
identification numbers.

After the sanmples have een collected they will be preserved as shown in Table A-1. All agqueous
sarples shall leave nn Fead space in the container to mimimize air entrainment.  Entrained air conld
reael withe species 1 he seinples sud alfect e amalytival resulls, The general procedurs for oblaining
agquzous samples for critical measurements from the demonstration will be as folows:

Dissolved As:
1. Obtain a clean 5C0 mL EDPE sampaling containzr.
2. Open the sampling tap and flush tha tap thoroughly.

3. Collect a simall amount of sample in the sanpling container, cap, shake to rinse, and discard the

rinsate. Repeat the rinsing procedure fwo maore fimes.

Fill container at the prescribed sanpling localion,

Obtain another clean 500-tcL HDPE satmpling container.

fi. Usine 3 0.45-pm Gltering apparatus, fler at least 100 mL. of water. Remove sice arrm end pour

the filtrate directly into the sampling container. Rzpeat until 500 mL cf sample has beer: filtered.

Do rot reuse the tilier at another sampling location. Fill container completely so no headspace will

remein when capaed.

Adjust the pH of the fltered samplz £ <2 using nitriz acid (HNGs).

Cap botile and seal per SOP [in shipuent o MSE Laboratory.

Log sample mumber, Incation, date, time, preservitive, efc. per MSE 80P

10. Repeal procedure for each duplicate or sampling location, The 300-mL HDPE conainer nay be
used for each sample if washed between samples as per SOP.

11, Store the samples in the sample sefrigerator 2t the demonstration site at 4 =C until ready for
shipment to the MSE HKM Laboratory.

i
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The general procedure for collecting agqueous samples during the demonstration will be as follows:

1. Obizin a clean sampling container of the appropricte size.

2. Open tae sampling tap and flush the tap tharoughly,

3. Colleet a sipall amwount of sample in the sanpling comtainer, cap, shake w rinse, and diseard ihe
rinsate. Repeat the rinsing procedure two more times,

4. Fll the container at the prescribed sampling rap.



Filter the sample it recessary. Using a 0.45 urr filter if required (see Tible A-1).

Presarve the sample as appropriate {see Table A-1).

Cap the bottle, label bottle, and seal per SOP (u: shipment to MSE-HKM Laboratory.

Log sample number, lozation, date, time, preservative, cte, per MSE SOP.

Store the collected samples in the sample refrigerator at the demonztration site until ready for
shipment w© MSE-HEM Laboratory.

i v R B R

Thz general procedure for collecting solid samples including critical TCLP saniles during the
demonstraton will be as follows:

Cumbine he filter cekes generated from ezch filtering episode and homogenize by nixing.
Obtain a clcan 16-ounce (0z) wide mouth sampling containe: .

scocp the solid material into the container un:il sufficient sample is collected (approximately

630 z). If efficiert sample is not availahle, collect as much of the solid matzrial as possible and
record the reason sufficient sample was not collected in the logbook and on the chain of custody.
Cap container and seal per SOP for shipuent v MSE Laboratory.

Log sample number, location, date, tme, preservative, cte, per MSE SOP.

Repeat procedure for ezch duplicale or sampling lozation.

Store collected samples in the sample refrigeratar at the demonst-ation site st 4 °C until ready for
shipment w MSE-HEM Laboratory,

T g —
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All samples will be shipped by project persannzl via ground transportation in scaled coolers containing
bluz 1ce. 'The samples collected from the portion of the demonstration st Mireral Hill Minz can be
driven w the MSE-HKM Laboratory in a matter of Lours; samples collected from the portinn of the
demonstration at tie ASARCO lead sweling pame can be drived to the MSE-HEM Laboratory in 90
minutes. Samples that have prohibitive holding times (arsenic énd iron speciation) may be shipped by
an overnight carrier if project personnel are not avaiiable 1o transport the samples.

1.2.2 Stability Test Sampling

For the stability tests heing performed at Montana Tech, pH, Eu, ané temperature will be monitored in
the reaction vessel. After one year, the dissolved arsenic samples will be collecied using a syringe and
filtered vsing a 0.2-n Tellon syrinee (ilier. After the testing perlod. tie slurry will be filierad using
suction filtration. The sampling procedure for recovering tie solids [ur x-ray diffraction analysis aad
the final dissolved arsenic sample are describec below:

1. Pour the slurry from the stability tests into the filtening tunrel.

2. When the cotire sample has been MMicred, close the valve on the hood © release the suction and
separate the filter Jask from the filtering funnel. Set filtrate asidz for dissolved arsenic sampling
ard analysis

3. Remove the filter from the filtering funnel with toreeps.

4. Place the [ler ona clean waich glass ina 105 °C oven for at least | hour.

3. Remove the dried sample from the oven and place the dried sample and filter paper in flie vacuun
desiccaior for storage, cooling, and further drying.

6. Scrape as much of thz solid material as possihle from the filler into an tared HDPE container.

5

Weigh die sanple and record the weight of the sample and container in the project lnghoole.



2. Label the samples with imtbrmation sumimarized in Section 4.1.3 of the QAPP.
9., Store the semple in the refrigerator in the Monana Tech Metallurgy Departein unti! ready for
x ray diffroction analysis.

Aqueous samplas will be collected as syringe filirates from either the reaclion vessel after one year or
‘he filtering flask after the 2 year aging period. Contenis of e reaction vessel will be humogenized by
the am that 1= continnously sparging in. Contents of the filtering flas< will be manuelly homogenized by
shaking prior to sampling.  Syringe filier sampling is described below:

1. Obtain a clean 20-mL sampling vial, syringe, plunger, and 0.2-zan Teflon membrane syringe (lier.

2. Process approximately 10 mL of distilled/deionized (DI/DE) water through the syringe and syringe
filter.

3. Homozenize the sample,

4. DProcess approximately £ mL of sample through the syringe filicr apparatus into the sample vial

3. Cap the sample vial and shake to rinse the vial with the sample. Open the sample container and

- discard rinsate.

. Homnozenise e sanple,

7. DProcesa enough homeopgenized semple through tie syringe filter to fill the sample vial, leaving no

hzadspace. Preserve the sample if necessary, Label the sample as outlined in Szction 4.1.3 of the
QAFPF,

3. Stowe the semple in the refrigerator ia e Matallwey Departient al Montana Tech unlil reacy [or
shipment tc MSE HEKM Laboratory i a ssaled cooler.

1.2.3 Sample Labeling

All samples will be clearly labeled fol.owing sample collection. The information recorded on the label
will include:

- projoct name;

- demonstration site (ASARCO, Mineral Hill Mine, Monzana Tech):

- sample type and enalysis to be performed;

- sample description (i.e., influent, effluesut),

- date and tim= samplz was collected;

- sampler's initizls;

= sample identification number;

- prescrvative and/or sample preparation tochniques (i.c., prescrvatives added, filtered); and
- other remarks or special instructions.

Tu ensure Ll cach sample is assigoed a vniyue sainple idenufication number, the follow:ng
information will ke provided about cach sample:

- proces: identification |mineral-lixe precipitation (ML), ferrihydritz (IC). or alumina adsorption
wiymicrofiltration (AL), stability tests (51];

- demonstration site [ASARCO (A), Mneral Hill (M), Montana Tech]; anc

- sample numoder (zamples will be numbered conszcutively from 101 for mineral-like
precipiation, from 201 for ferrihydrie, from 301 for alumina zdsorption w/microfiltration. and
from: 401 for siakilicy wesls).

A-B



For example, the first sample collected “rom the mineral-like precipitation process during the
demonsmration at the ASARCO East Helena leac smelter would be assigned the following sample
wdent:fication mimber: MLA 101, Each sample following this collection would be nssigned the next
corsecutive number (e, MEA-I02, MLA-T03, etc.)

2. ANALYTICAL PROCEDURES AND CGALIBRATION

The analytical procedures used during the projeet are summarizee in Tabie A-3. A brief discussion of
the proceduras nsed for each ﬁnnij,rﬂ'm arz discussed helow.

Table 4-3. Project Schedwle and Milesiones for WWTP, Activity T, Pragect 9.

Milestone Date
Work Plin Febiuoary 28, 19397
S1e Access AEICCmons My 30, 1997
HEPA Documentation May 16, 1937
Venor Subcontracts Jume 30, 1037
Preliminary Design March Z1. 1997
Definitive Tresizn June 30, 1997
Procect Specific Cuality Assurance Project Flan Jume 30, 1997
" Fahricstion Tuly 1%, 1907
Constriclion subcontract June 20 1957
Ficld Irstallation July 18, 1937
Finalize Test Tlar Tuly 4, 1957

Figld Demanstratior Completion

Cetober 31, 1947

Drafl Final Projece Repart

January 30, 1998

Stability Testing

Cember 31, 1999

Reovision 1o Fingl Report

Neowvember A, 1909

2.1 DISS0LYED ARSENIC [AA)

A Verinn-Spectra AMA 400 Grephite Furasce AA with Zeeman background correction will be used to
amzlyze the As speciation vials 52 well as the dissolved arsenic concentration in the e“fluent at the MSE-

HEM Lzboratory. The furnace AA will be calibraied according 1o procedures outlined in EPA SW-B46
Method TO640.

2.2 DISSOLVED, TOTAL RECOVERABLE, AND TOXICITY CHARACTERISTIC
LEACHING PROCEDURE METALS ANALYSIS BY INDUCTIVELY COUPLED
PLASMA EMISSION SPECTROMETER

Dissolved and total recoverable metals will be cotermined vsing SW-340 Method 6010A on an ARL

3560 Incuctively Ceupled Plasma Emission Spectrometer (ICP). The samples will be prepared for ICP
analvsis as cuthned i SW-s46 Method 3005A. '|he digestion procedure for tatal recoverable metals

AT



will be modified to result in a matrix of 1% ratter than 2% nitric acid,
The ICP will be calibrawed accondinge to the procedunes outined in SW-846 Method 6010 amd the
equipment mamufacturer's instructions. Calibrazion will consist of the following procedures and items:

mised calibralion standards;
- calibration 2lanks and reagert blinks;
- incependent check siandard:
- interference check solutions; and
- quality comrol samples.

2.2.1 Initial Calibration Verification

Calibration of the insrument will be verified using a mixed calibration standard from a different source
ard at different concentrations than the calibration standards. The comeentrations af the analytes will he
within the calibration range of the instrument and the znalytes must be between S0%-110% of the true
velue or the calibration of the msurorem will be repeated,

2.2.2 Continuing Calibration VYerification

The calibration of the instrument will be continuously monitored by analyzing a CCV every 10 samples
ot every two hours, whichever is mare trequent. The limi of scceptance for tis standard is alsn 0%—
110% of the true value of the analvie concentration. Should the calibration be out of compliance. the
instrument will he recalibraed and the samples amalyeed since e last conppliane CCY owill be
reanalyzed.

2.2.32 Initial and Continuing Calibration Blanks

An ICB will be analyzed immediatzly sfrer the 1CV and a CFR will he analyzed following the 00V
It the absolute value of the conceniration exceeds the insrrument delection limir, the instrument will be
recalibrated and any samples since the last compliant CCB will be reanalyzed.

2.2.4 Interference Check Samples A and B

To verify interelement and background correction factors, an [CSA and ICSAR will be analyzed at the
beginnirg and end of ezch analysis run or at 2 minirum of twice per s-hoor working shift. Resuls
shoulc fall within the contrel limits of 20% of the true value. I the resulis fall cuside the specified
contral limirts, the analysis will be terminated, the problem corrected, the [CP recalibrared, amd the
analytical samples reanalyzed since the last compliant inlerference check sample will be reanalyzed.

23 pH

Althourh process tH messurements will be made through installed probes, some pH measurements will
be done mamually using a hand-held probe. A pH meter with autmartic temperature campensation



capable of measuring pH at the demonstration siee w G.1 pH units will be used for this preject. The pH
probe wil be calitraied daily wsing two fiesh buffer svluticus that racke! the expecied pH. Thae mater
will be calibrated before analysis beging, snd calibration will be verificd following the initial calibration
ard avery 10 samples using a third buffer soution within the calibeation range. [f the third buffer
solution differs from the true value of the suffer by more than 0.2 pH units, the meter will be
recalibratec, and all samples analyvzed since the lagt compliant calibration verification will be
reanalyred

24 Ex

An Orivn B neter with & silver/silver chloride reference electrode will be used to determine the Ex at
th: demonstration sitz, The elecirode will be calibrated using Zocbell’s solution of known Eu. The
measured Zocbell En must be within 205 of the known solution value or the probe will be subjected to
cleaning and other required maintenance before recalibration.

25 ARSENIC SPECIATION

‘T'he toral dissnlved As, Az™, and As™ 1 influent and efflvent samples from the procass trains will be
determined using furiace A A, following the spaciation nzing she Ton Fxchange Ficklin Method

(Ref. 1). The SOF that the MISE-HKM laboratory will be using is contained in Appendix . The
procedure involves passing 5 ml of the filiered. zcidified sample through an ion exchange columnn
packed with Donwex 1 x 3 anion exchange resin in 100-200 mesh size. The As™ adheres wo the acetare
form of tac ion cxchange resin, while the As™ passes through the column. To easure the recovery of
all of the As™?, the column is eluted with three scparatc S-mL portion of deiomzed watcr. The origmnal
5-mL cample and each elution will be collectzd in separate vials numbered 1 thrcugh 1. These vials
contain the As*. The column is then ehuted with three separate 5-mL portions of 0. 12M of
Hydrochloric Acid (HCO1.). The nH change :and the suhsequent ion exchange cause the As™ to pass
through the column. ‘I'e final threz vials of sample collectzd contain the As ™ ATl of the speciation
vials, &8 well as an unspeciated total dissolved arsenic sample. will b2 znalyzed by furmace AA 1o
determine the concentrations of torzl dissolved As, As™, and As™°. The concentrations of the species
added ogether Civided by the measured tolal dissolved concentrations of arseuic will be caleulzled W
determine if the recovery is acceptable (807 -120% recovery). If the recovery is pot acceotable, the
analyses will be repeated. This is a specific calculation for arsenic speciation analysis and should not
be confused with the spike recovery caleulation. The percent recovery of arsenic calculation will be
determined using the calculation presented in Section 9 of the QAPP.

2.6 IRON SPECIATION

The concentrztion of dissolved iron will be determired by ICP at the MSE-HEM Laboratary. 1'he
cencentration of ferrous iron will be determined using the colotimermic Standard Method 3500-Fe D and
phenarthroline as the color developer. Tle spectophwlumneier will be calibrated with a blank and ar
least three standards. The concentration of ferric iron will be calealated by sustracting the
coneentration of ferrous iron from the dissolved iron concentration. determined by ICP. The MSE-
HEM Laborazory S0P for this analysis is coatsined in Appendix C of the QAPP.
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2.7 TOTAL SUSPENDED SOLIDS

Total suspended solids (TSS) will be determined at the MSE-HKM Laberatory according to EPA
Method 160.2. A homopeaized sample will be filtzred through a glass fiber filier and the residue
retained by the filter is dried to a constant weight ia & 103-105 °C oven, A cuplicate and a blank
sample wil be analyvzed every 10 samples. Calibration of scales and oven temperature are verified on a
daily basis and recorded in laboratory noebocks.

2.8 SULFATE

A Perstorp Flow Solution Auto Analyzer will be used to make sulfate determinations at the MSE-HEM
Laboratory eccording to EPA Method 373,27, 'Ihe auto aralyzer is caibrated using at .east five
calibration standards between 10 and 200 mg/l.. The calibration curve iz then verified by anolyzirg an
initial calibration verification standard, which is from a differeat source than the calibration standards.
Calibration i3 continuously verified by analyzing a contnuing calibration stardard every 10 samoles.
Initial and continuing calibration blanks are also aralyzed to verify that no significant contanmation
will occur at the nstrument from nstrument carsyover from the calibration standards,

2.9 TOXICITY CHARACTERISTIC LEACHING PROCEDURE

Solid materials will be sub ected to the TCLP procadure cutlined in SW-846 Method 1311 at the MSE-
HEM Laboratory. If sufficient sample is not gvailable from filter cake samples, the TCLP procedure
will be modified aceording to the weight of the solids submitted for analysis. The ameount of 2xiraction
fluid added to the sample i3 determined by the weight of the sample and will be adjusted according to
the sample weight. All rezgent additions will be adjusted accordingly. The resulting extraction flhuids
from the 'TCLP will bz digesied according 1o procedures outlined i SW-846 Method 3005A for tota)
recoverable metals. Ia eddition te the reagenta listed in the method 20 mL of 33% Hz0: will be added
o the samples 1o help degrade the acetic acid, Digested samplzs will be analyzed by 1CP. The ICP
will ke calibrated as discussed in Section 4.1 of the QADPT.

2.10 TOTAL METALS

The solid samples will be characterized for total metals by ICPF SW-846 Method 60104 zt the MSE-
HEM Lahoratory. Samples wil be digested according o SW-846 Method 3030A. The [CP will be
calibrated as discussed in Section 4.1 of the QAPP before sample digestates are analyzed.

2.117 PERCENT SOLIDS

The percent solics of each solic sanple will he determined ar the MSE-HKM | ahoratory using -he
method outlined in Ealibit I, Parl F ol he Conlmct Laboraiocy Program Staleinent o Work,
Document Number [lm03.0. A copy of this method is contzinad in Appendiz C of the QAPP. Tle
percent sclids data will be used to report the 0 metals on a dry welght basis.



2.12 STABILITY TESTS

In order to determine if the filter cakes penerated by mineral-like precipitation and ferribydrie are
stable w wilings pond covironment usiog e Monkacoa Tech Procedure, 4 long era leach est
developed during MWTP Activity 4, Project 5. The stability wsting will be pertormed at the
Metalluzgy Department at Montara Tech, The procedure for cach stability west is presented in
Appendix B. The tests will be performed in triplizate on the filtercake samples generated during tae
[}I'GJECL

2.13 X-RAY DIFFRACTION

X-ray diffraction analysis will be performad using a Phillips 3100 X-ray Generator. The mstrument
will be calibrated suing a National Instinte of Sandards and Techuology standard relerence malerial,
If the averare delia 2-theta s greater Ban 0.1, e instrurent will be ecalilvated. Sanple prepacation
procedures ars discussed n the SOP contaired in Apperndizx D of the QADPT.

2.14 CALIBRATION PROCEDURES FOR FIELD PROCESS INSTRUMENTS

All instruments used to measure field process variables will be calibrated using Natioral Institute of
Standards aad Testing (NIST) traceable test equipment fumished by the Western Envisommental
Technology Oftice (WETD) in the MSE Technology Apphcations Instrumentation ad Control

L aboramry. The test equpment used during the calibration procedures ars verified on a rouvting basis at
Irstrument Repair Laboratory in Broomfield, Colorado. This is a cemif'ed NIST secondary standards
laboratory. Calibration procedures for critical and noneritdeal process feld measureineiis o
suitavanized in Table 18 of the QAFPP. Calibration procedures wil be performed prior 1o project start-
up and afer the project has beea comoleted

Table A 4. Sample pori/location descriptions and sample matrix at each location for the mineral-
like precipitation skid and the ASARCO fervikydnite process.

Sample Port/Samyple Dieseription Matrix
i Process nflucnt tor tw mineral-lke precipitalion sysien ZOJUETUS
0z Process weaier afier EzFO: addition for the mineral-like precipiiatior s¥stem s{juoCus
S Process water after sced and Cal addsien tor 1ke cmnecal-like precipilat.or Systim ZUECUR
WA Treated warer discharge for the mineral-like precipitation svstem zuecus

Fileer Cake #1 Sludge product from the mineral-dike precipiaion sysem solid
FIT Flow iotalizer it the mineral-lice precipi-aton system ALECUS
all Tank 1007, 102, 104 pH moriters in the mineral-like precisitation syaten aquecus
40. Process influent for the ASARCO terribvdrite process dgueous
Nk Treated water discharge for the ASARCO fernbydrit: process Acuecs

Filter Cake #4 Sludpe product ‘or the ASARLCO ferriavdrite process solul




Table A-5. Nopcritical and critical measurements and frequency for the demonstration of the mineral-like

precipitaiion process and the ferrihydrite process at the East Helena ASARCO lead smelting plund

Measurement Mairix  |Classificatio SHamphe Froguemy Sanple Locatinn Total
a Mumiber of
Samples
pH ayucous | roncritical (Toitielly, every hour for 8 hovrs, | pEC peobes in tank 102, G
thanm every 4 hours tank 102, and tank 104
pH aguinws | voncriial [Befe disclargs 104 3
[Exi aqueoiss | ronzreidical [Tragiably, e;-.-Er:,-' hour for 8 bours. W2 snd 104 dn
thenevery 4 horars
Motal flaw aqueous | concridieal [Initially, every 2our for 8 bours | FIT (meal fow irdicatar) 5
hicn cvery < leoars
A spec aLion aquecus | nonzritical (Eveny 24 aours of operstion 101 znd 106 [
Iron sprcistion aquesus  nongritical [FEvery 24 hours of operetion 101 and 106 [
ITotal recoverable metals (As, Od, | aqueous  noncnifical |Every 24 aours of ppersticn 101, J0Z, 104, 106 12
Cu, b, Fe, B, Tl
Dissclved metals{Cd, Cu, Fe, b, | aqueous | nopcrifical |Tvery 24 10urs of Operiicn 10, 03, 104, 106 13
Tny
Dissclved metals{As, ') agueous | noncricicd | Initially, every 12 hours of 102 and 104 l4
operation
(otal metals {AS, Ha, Cd, Cr, solid noncritical [Each shedze sample Tilier Cakes #'1 3
Cu. Fe, P, Ph, Se. Ag. Zn, C2)
% soleds wolid woncrilcal JEach shulze sample Filic Cake #1 3
TCL* B, Od, €, Ph. Hg, Sc, solid npncritical |Each shidze somple Filrer Cake #1
Apl
Slability tests anlid noneritical |Each sludee sample Filter cake #1 3
TCLD (Ag) so'iel critical  |Each shudge samp.e Filier caxe #1. ASARCO 3
sludge
D ssolvad metals (As AUEOUS critizal  |Initially, every 8 hours of 101 anc 106 1%
OpRTALII
Mot Saraple collection will hogin after the one system volume has been processad,
Table A-6. Noncritical and critical measurememns for the ASARCO fervikydrite process.
Ieleusumemenl Mlalrin Clessification Frequency Locution Tortal
Mumber of
Samples
pH queows nomsritical initial A0 amd 106 X
Eii LOUR00E mumcragcal initial 401 1
Flow rate BT T e il ruilial il 1
Ag speciaion EITIRTATTLS nancriteal initial i L
Toral reeoverakle metals (A%, |  aguzous manCTik e inicial 4l 1
Cd. Cu. Fb. Fe. £n}
DHssolved metls (od, Cu, WSS il imtia 401 1
Fe, P, Lo}
TCLP (Ba, Od, C:, P, Hp, gclid nameritical once Filar rale #4 1
B, AR
TELP (As) salid critical once Filter cabe 44| 1
Disiolved metals (4s) AU o Lical Every Juy 1le nissial-liks 401 and 400 i
[MECIPILALION FrOCess 18 DeIng
| | demimstrated

Process derromstrzticn.

Aok Tnigial Hdllljr]'.ﬂ: will b culleeied o e ASARCO e ilreclrie plTn’..:.‘-.ﬁjust peior to the sarup of the mincral-like fmpiﬂ-ﬂﬂ
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Table A-7. Noncritical and critical measurements for the mineral-like precipitation process
demansiratinon af the Mineral Hill Mine (17-day fest with 1, 3i-foal-level porital df.irm.rga Walfer).

Measurement Matrix | Classification Sample Froaguency Somple Location l'ital
Number af
Sunple

pH ey s noacritice]l | Tnitially every howr for 8 bours, aH prabes ia mnk (01, 144
then eviery 4 hours lank 1C2, and tank 104

pH EUEOLS noncriticel | Before discharge 1LG 11

G Qe noncriticel In:t-i.nl_ly_wcry-ﬁcur for 3 bours, 102 and L4 06
then every 4 howrs

Total flow agueous | nomeritcel  |[Imtially every hewr for 3 bours, TIT (iatal flow 48
then every 4 hours mdicatery

| A5 speciaion aqueous | noeritcel | iniel Le] 1

Tetal recoverable meals (A5, | agqueous noncriticl Every 48 hours of aperation 107, 102, 104, 106 l&

g, Cu, Ib, Fe, P, £n)

Drissolved metals (Cd, Cuw. Fe, | agueous | oositicel | Doiialy every 48 lues of 107, 102, 104, 100 L]

Ph. Zni aperation

Lhssolved metals LAS, ') aqueows | nomeriticel | Bvery 24 hours of operation 102 and 104 1

Total metals (As, Ba, Cd, Cr,| salid noneritical | Eack shidge sample ["iter caks #1 i

L, Fe, E, Ph, e, A, &0,

Cs)

% Solids solid | nencritical | Eech shidge sample 5 Fiter caks #1 1

TCLE iHa, Cc, CT, I'b, Ha, salil nomeritical | Eech shudge sample File: ks #1 1

Be, Ag

Stabality tess salidl noncritiesl | Eeck shdge sample Fite: cake #1 1

TCLE 1 A5) salid critical Ezcl shadge sample Flier ke #1 1

Drissalvex] metal: {As) | wguegus | grilical Lowially every & s ol 101 aud 105 44

peraLioan

Mode:  Inilsel sampoe 0 lection will hegin artr the one systam volume bas bzel ]:-TE;CCSS&L_

Table A-8. Noncritical and critical measurements for the mineral-itke precipitation process with
contcendreled arsenie brine from the aluming adsorption with microfiliraiion process,

Meamrement Mlatrix Classification Frequeney Loaation | Total Number
[ ol Samples

H &F a.qun:.nuﬁ ronctitical Initial, cvery 4 pI1 probes in wrk 12

hiurs 101, ark 1C2, and
[ rk 1013

pH Aquenus noneritical Belore discharge 110 1

Eur ::iqhen'.].g noncritical | Imitial, every 4 102 and 104 b
hous

A3 Specialion aquCOE noncritical Tnitial TR 1

Totwl Reeoveruble FTE ] nemcritical Initial 1CL and [0S 2

Metals (AL, As, Td.

Cu: Fb, B, P, Zn}

Diseelved hlenls (AL BN IR nomeTitiel Tnitial 101 and 106 2

Cd, Cu, I'b, I'e, T, En;

Dicsclvad Medals {(As) aquenns critical Imitial, every 4 101 and 106 2]

, | hours

Nowe: Inmicial Samples will be collectsd after ome sysiem vooume has been processed.




Tuble A-9. Sample portilocation descriptions and sample matrix ot each localion for the ZENON
alumina gdsorption with microfiltration process.

Sample Port’Sampls Location Description Matrix
301 Pracess wates irtluerc aMueLy =
a0 Adsomprion reacior effluent LqUEOTS
304 T-ezted water discharpe FUEOLS
S Adsarption reccar ank ;ulugm 5 F
30 Seriing mnk auenLs
Filter cake #3 Sludge product solid
FiT Flow totalizer | afUecLs

Table A-T0. Noncritical and crifical measurements for the aluminag adsorption with microfiltratinon
demonstration at the Mincral Bill Mine (1 test with 1,300 foot level portal water, and tests with
efflucnty from other provesses, if necessary).

kM easmrement Matriv [ lassificarim Sample Frequenry Samplz Loeatinn Tacal
Kumber of
Samples

il IJUECHLE rareritical [niticdly. every 12 howrs 301, 302, 343, and 304 52

]:iI:I B[RS T rorCritical Bafore diszharge L b

Total Toww UELLS torcritical [nitially, every 12 hours FIT {Todal flow indicater) 13

Tl Toww }H'_|1I|'!l-l'\ | mnrentical mitial, every 4 hoors FIT d

Testal suspencked selids HLRECLLS rsreritical [nitiadly, every 24 haurs af 301, 302, 305, and 305 2%

(TES) | operetion

Sulfate LIS nircritical Lty every 24 hours ot A0 annd 502 b
Jpereticn

Total “ecoverable metals | agueois novcritical | [nitially, every 24 hours of 3C1, 302, and 304 £

(Al As, Cd, Cu, Ph, Fz, opereticn

Zinh

Dissolved metals {Al, zguecus norcritieal | Initially, every 24 hours of 3C1, 302, and 304 |

Cd, Cu. Fe, P, Zn) opareticn

Dissolved metals (Ag) SUUERIE critka [nitiadly, every 12 hours of 301 ancd 304 25
opIriticn

Mote, Tnitial swmples will e collacied aficr viec systens vulue has been prwogsssd . Toeal it of saniplas doss ool ks
sinples Croo poecessing el Do e ol processes siue iU i ukeasyn g, s e 30 Teodeer paoeesedag of doe eMloens will
e necessary.

Table A-11. Suwmple pori/Tocaien dercriptivns and sample moirix wf each lecution for the ferrilivdrite

process af e Mineral Hill Mine.

Sample Port/Sample Toration | Neseriptian Matrix
201 | Pracess influcat a-qu:t.rus. =
22 _ Process influent after FeCl addition oS
204 Process influent with HCL and CaQ addsticn WJUEOLE
206 Treated water dischargs AUCOIA

Fiter cakte #2 Sludee product sulid

FIT How wtalizer aquens
pH T;H-i.c.i{il-,'ﬁtﬁ, and 204 pll monitars K LEOLS




Tablz A-12. Naneritical and critical measurements for the Mineral Hill demonsiration of the
Terrifivdrite process (day test with 1,300-foor fevel portal discharge water),

Messurement Muatrix | Clusafication | Sample Freguency Sample acstion Tutal
Mumber of
Samples
pH ACUEOS nonzrilicel | Initially. every hour for pH proaes intank 20, 120
& hours, then every 4 hours temk 203, and eank 204
pH Hi O nomeridczl | Before discharge 06 Q
ah AqUens nomericicel | Initially, every hoar for 202 and 204 A4
B biours, then crery 4 hours
Total flow aqueds nonzrizicsl Initinil"y_,'e'r'er}' haour for FIT {1otal flow 42
& hours, then every 4 hoirs mdicarors
Tuial reareer alile a.quw..lu:-: momzriicel -.I'L'.':r_}' 48 lowrs ul uperation 200, Mz, 20, 206 12
metals {As, Cd, Cu.
M, Fe, fn)
Dnsgolved metals (O, | agueous noneriicel Every d8 hours of operstion L, 02 204, 206 12
Cu, P, Zu
Dissolved metals (As, A0S nonzriicel Inatially, every 24 hours of | 202 and 204 14
I'e; aperation
Towml mewals (As, Ba, salid nonzridcel Each sdudge sample Filter cake #2 1
od. O, Cu; Bl Phy
be, Az, Zn Ca)
% zolids s0lid nonzriticsl Each sudge sampie Filter cake #2 1
TCLR (Ba, Cd, Cr, salud nomzri sl Each duidee sample Filter cuke #2 1
b, Ilg, 5¢, Ag)
stabilty tests malid nonzriticsl Each dudpe zample Filter cake #2. i Tt
TCLP (As) salud critieal Each dudge sample Filler cake &2 1
Dissalved metals (As) | aguecus critical Initiallv, every 8 hours of 201 and 206 38
aperation
Note: Sumple collection will begin after the coe system volume has been provesae.

Table A-13.

arsenic brine from the alureing odsorption with microfiltration process.

Nouncritical and critical measurements for the fervifivdrite process using concentrated

Mensurcment Mutrix Classification Frequency Location [ Teital
Mumboer of
Samplex
pH AqIers ncneritical Iniial, every 4 hours | pll probes intank 201, 12
tank 203, ang tank 204
pH AqEBCUE nomeritical Before discharpe 206 1
Ei agueous neneritical Imitial. every 4 hours 202 and 204 D
'I'vtal recoverable | agueous nencritical Tnitial 206 i l
metals (AL Az, Od,
. Pl Be, Pz
Drisanlved motals (AL, AGUEULLS wmcsitical initial 206 |
Ld, Ca, Pb, Pe, P, Za)
Dissolved metals (A5) aguesis arhical nidal every 4 hours | 201 and 206 3
Mote: Initial Samples will be col ceed aficr one svatem voume has been processad.

A-15




Tabie A-14. Field guality control sampling for each process demonstration.

Analysis

Field Dmplicates

Field Blanks

Thissoy verl Arsenic

TCLP

resuting filter enkes

I ]

12

|

| | Beld QF samples ar to be pken ot the initial and Tfinal sampling evenls echnofogy demonasation The initial sen of Cield QT
samples will be taken fiom influene locations (101, 2C1, and 301, and the finel set of fickd QC sample: will be taken trom the
effluen; locasdons (106, 206, and 3041.* A Field dupl.care will he tiken o each site for ezch rechrology demonstraticn from

Table A-13. .Smr_zEﬂ'ug J_‘mguemv Jor the stabiliiy tests.

Mueasuremmeni Blluirix Clussilicul oo Ereyueacy Saunprke Lovilion Tuowal
Number of
Somples
Samrple weight selid | moncridel Before ard sfter tast Sample before test, a8
vacuum filter after fost
Dissolved As aquenus * nonzritical Every yea- Syringe fillrate p2
H sharry ponzrilical Every yea Weaction vassel Lt
En alary noncritical Crery }:z?_ ] eaction vossel 24
Temperaiurs slarey nomcritical E.r{:r:r}c-a: Fanction veseel H
X-ray diffraction solid noncritical After tasi Wacuur filter [2
Table A-16. Towl number of samples.
Analysia Primary Samples Site Primary Sanplcs Ficld | Ficld Blonks Praject
Demos stability ‘Tesis Duplicates Iogel
pH 447 24 o s 471
En 2413 7 2 nia a 67
" Tonal flow z 134 nfa n'a ma e
it 5 i " ma A 8
Sulfate & nfa m'a n'm S
At fpesialion o nfa nfa nfa Q
| Iron speciation @ nf n'a nfa A
X-ray diffrection na 12 ' na afa iz
Toral reeovernble mestels 52 nfa n'a nda 52
[Aguecus)
THssolved ractals il na n'a a'a 101
Total melals {rolid) 5 s 'a a'd 5
TCLP 6 T na 3 Va i2
Uisiolved arsenic 44 24 1z 1z 192
oenlida 5 n'n C ma r 'L'_ll_-_ I _5
Total aumber of samples 1,188 a4 18 2 1 302

2.14 REFERENCES

1. Ficklin, Walter H., "Separation of Arsenicilll} ard ArseniciV) in Ground Water by lon
Exchange,” Talanra Vol 30, No. 5 1983, pp 371-373
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